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ANNUAL REPORT – FY2020 
Illinois Waterfowl Surveys and Investigations 






We will investigate the ecology, distribution, and abundance of waterfowl and other 
wetland-associated birds in relation to habitat characteristics along and nearby the Illinois and 
Mississippi rivers; waterfowl, marsh birds, shorebirds, and other wetland-associated birds in 
wetlands and deepwater habitats statewide; investigate the ecology and distribution of shorebirds 
in relation to habitat characteristics in central Illinois and Canada geese in northeastern Illinois; 
and summarize and distribute our results.  
1) Inventory abundance and distribution of waterfowl and other waterbirds (≥10 species 
and guilds) during autumn (September–January) and spring migration (February–April) 
at a minimum of 40 sites along and nearby the Illinois and central Mississippi rivers, 
2) Evaluate postbreeding ecology of wood ducks by radio-marking up to 100 individuals 
during late summer and autumn in and nearby the central Illinois River Valley, 
3) Investigate movement and population ecology of lesser scaup and canvasback by 
trapping and leg-banding a minimum of 1,000 individuals during spring migration in 
the Illinois River Valley, 
4) Continue to investigate the ecology of green-winged teal and gadwall during spring 
migration in and nearby the central Illinois River Valley, 
5) Evaluate waterfowl harvest and hunter success at state-managed waterfowl hunting 
areas in relation to food abundance and quality on nearby managed sanctuaries in the 
Illinois River Valley, 
6) Investigate movements and home range size of ≥10 Canada geese during winter in and 
near the Greater Chicago Metropolitan Area (GCMA) of Illinois, 
7) Inventory abundance and distribution of shorebirds during spring (April–May) and 
autumn (July–August) migration at ≥40 sites along the Illinois River, 
8) Assist banding crews during August near Yorkton, Saskatchewan, Canada to fulfill 
duck banding quotas for the Mississippi Flyway Technical Section and Council, and 
9) Distribute results and findings to site managers and biologists of the Illinois 
Department of Natural Resources (IDNR) and other state agencies, the Mississippi 
Flyway Technical Section, the Upper Mississippi River and Great Lakes Region 
(UMRGLR) Joint Venture, the U.S. Fish and Wildlife Service, other scientists and 
collaborators as requested, and the general public through oral presentations, popular 
articles, technical reports, and peer-reviewed publications; make recommendations for 
future wetland management practices and research needs based on results and related 
research; contribute to regional wetland and waterbird conservation planning efforts 
during the project period as appropriate and requested. 
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Methods 
We scheduled 17 waterfowl flights of the Illinois and Mississippi rivers from September 
2019 to January 2020 during which we inventoried 18–25 areas in each river valley.  In addition, 
we planned 8 spring flights for waterfowl along the rivers from February to April 2020 and 
inventoried 43–61 discrete locations along each river.  We computed waterfowl use-day 
(Stafford et al. 2007) and peak abundance estimates for the Illinois River valley (IRV) and 
central Mississippi River valley (CMRV). 
We captured and marked (VHF necklace transmitters and GSM/GPS cellular 
transmitters) female and male wood ducks (Aix sponsa) during the postbreeding period in 
August–September 2019 in the IRV.  We used confusion traps and rocket nets to capture wood 
ducks.  We tracked radio-marked and monitored GSM wood ducks to determine diurnal and 
nocturnal habitat use and movements. 
We captured and banded diving ducks at Emiquon and Chautauqua National Wildlife 
Refuges using swim-in traps during March 2019.   
We continued analyses of data collected from radio-marked dabbling ducks captured 
during springs 2016–2018 along the Illinois River.  We also completed analyses of food use and 
selection in spring-migrating green-winged teal (Anas crecca) in the IRV during 2016–2018.  
We evaluated the abundance of waterfowl forage where GWTE were collected from near 
Hennepin, IL to the confluence of the Illinois and Mississippi rivers near Grafton, IL.  
We selected 12 state waterfowl areas from those with adesignated waterfowl sanctuary 
(28) that could be aerially surveyed for waterfowl in association with Study 151.  We rapidly 
assessed seed-producing vegetation and quantified the energy density (energetic use days 
[EUD]/ha) of these sites during autumn using published equations (Naylor et al. 2005, Stafford et 
al. 2011).  We used bioenergetic equations to summate energetic carrying capacity of the total 
sanctuary area at each state-managed site.  We quantified the abundance of waterfowl by species 
at sanctuaries approximately weekly.  We acquired hunter harvest data for each state-managed 
area from IDNR. 
We marked Canada geese (Branta canadensis) with transmitters mounted on neck collars 
during late autumn and winter 2014–2019 to account for temporal variation across different 
capture locations in the Greater Chicago Metropolitan Area.  Transmitters were solar-powered 
GPS units, operated on the Global System for Mobile communications network, and configured 
to acquire a GPS location at specified intervals.     
We scheduled 6 aerial shorebird inventories of the IRV during August–September 2019 
and 6 inventories during April–May 2020.  Locations were subdivided in 2017–2020 into 96 
unique areas with defined ownership categories and varying degrees of levee protection.  
Major Accomplishments and Findings 
We completed scheduled flights of the IRV (n = 4) and CMRV (n = 4) in September 
2019 to document the distribution of early-migrating blue-winged and green-winged teal 
(scientific names presented in Table 1).  We completed 13 flights of the Illinois River and 13 
flights of the CMRV from mid-October to mid-January.  Peak estimates of ducks ranked 66th in 
the IRV (250,455 total ducks) out of the 71 years of monitoring.  Peak numbers were likely 
reduced by several days of record low temperatures in mid-November.  Duck abundance peaked 
in the CMRV on 14 November (527,935 total ducks) and ranked 39th overall since 1948.  
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Autumn use-day estimates for total ducks were fewer in the IRV and CMRV in 2019 than 2018 
(12,777,798 [-28%] and 16,895,243 [-46%], respectively.  Diving duck use days in 2019 on the 
IRV ranked 10th highest since 1948 and is a small victory in the comeback of divers along this 
river.  However, the CMRV diving duck use ranked 58th since 1948.  Although this was likely 
confounded with weather, it is startling evidence warranting future monitoring of wetland habitat 
conditions on Pool 19, Mississippi River.  
We aerially evaluated spring-migration chronology of waterbirds along the Illinois and 
Mississippi rivers during spring 2020 and completed 4 flights of the IRV and 3 flights of the 
CMRV by mid-March 2019.  The Covid-19 Pandemic and Governor Pritzker’s Stay-at-Home 
Executive Order prevented the completion of the remaining flights for spring 2020. 
We posted 16 blogs on the Forbes Facebook page and observed a weekly viewership that 
averaged 29,195 views and 467,112 overall observations.  In addition, 13 weekly blogs were 
distributed to the Mason/Fulton County Democrat, Heartland Outdoors Magazine, and Dale 
Bowman’s column in the Chicago Tribune, and posted on our webpage. 
We marked 74 (VHF) and 30 (GSM cellular) postbreeding wood ducks during August 
and September 2019.  Most wood ducks departed LaGrange Pool, Illinois River by mid-
November, and the last bird departed December 4th.  We documented 8,241 locations of radio-
marked wood ducks and 13,589 locations of GSM marked ducks.  We documented 3,765 
movements from diurnal to nocturnal locations during autumn.  Preliminary analyses indicate 
wood ducks moved 2,814 m (45 SE) between daytime habitats and night roosts.  Data analysis is 
ongoing and will be combined with data collected during autumn 2020.   
We captured and banded 1,231 total diving ducks during spring 2020.  Species-specific 
totals were canvasback (Aythya valisneria, 11), lesser scaup (A. affinis, 1,210), redhead (A. 
americana, 8), ring-necked duck (A. collaris, 1), and 1 hybrid (LESC x RNDU).  Since 2012, we 
have banded 13,460 lesser scaup and 161 canvasbacks in the IRV.  
We radiomarked 294 dabbling ducks during springs 2016–2018.  We used data from 203 
GWTE and 82 GADW in analyses.  We obtained 4,693 locations from transmittered ducks 
during February to May 2016–2018.  Daily movement distances for GADW (x̄ = 4,261.6 m) 
were greater than those of GWTE (x̄ = 3,999.8 m).  Male dabbling ducks (x̄ = 4,370.3 m) on 
average moved further (17.6%) than females (x̄ = 3,715.6 m) from daytime to night roosts.  
Gadwall home range size (x̄ = 3,403.4 ha) exceeded GWTE (x̄ = 2,347.9 ± 225.0 ha) by 45%.  
We estimated stopover duration of dabbling ducks in the IRV using Program Distance.  Green-
winged teal stayed in the IRV an estimated 13.9–42.4 days during spring migration, while 
GADW stopover was considerably longer (20.7–57.0 days).  One GADW and 7 GWTE perished 
while staging in the IRV during spring migration 2016–2018.  We modeled survival for the 10-
wk period from February to May using the Cox Proportional Hazard Regression.  The found a 
sex effect on survival of dabbling ducks in spring when female survival (97.3%) exceeded male 
survival (87.0%).    
We evaluated diets and food selection in 139 experimentally collected GWTE from the 
IRV.  Seeds of moist-soil vegetation occurred in all teal diets.  On average, teal consumed 85.8% 
(CI95 = 81.2–90.3%) plant material and 14.2% (CI95 = 9.6–18.7%) invertebrates based on 
aggregate dry biomass.  Teal selected seeds of Cyperus spp., Ammannia spp., Leptochloa spp., 
and Potamogeton spp. while avoiding Amaranthus spp., Ipomoea spp., Echinochloa spp. seeds, 
and Oligochaeta taxa.  Wetland managers should ensure shallowly-flooded wetlands with 
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desirable taxa (e.g., Cyperus spp., Ammannia spp., Leptochloa spp.) are available as foraging 
habitat for GWTE during spring migration. 
We evaluated waterfowl harvest in relation to sanctuary food availability on state-
managed waterfowl areas in Illinois.  Estimated energetic use days (EUDs) in waterfowl 
sanctuaries ranged from 23,466–1,015,122 (x̄ = 287,736).  Waterfowl harvest during the 60-day 
duck hunting season at management areas ranged from 0.37 to 1.99 birds/hunter/day (x̄ = 1.01).  
Mean number of hunter-trips recorded was 2,230 (range: 189– 6,218).  The best supported model 
(wi = 0.99) for harvest rate included duck abundance in sanctuaries.  This model suggested that 
harvest rate was approximately 0.98 ducks/hunter/trip and that for each 10,000 ducks/ha increase 
on sanctuaries, harvest in adjacent publicly hunting areas increased by 0.11 ducks/hunter/trip.  
We tracked 17 geese marked in suburban areas (n = 21 goose/seasons) yielding 21,472 
locations and 69 geese marked in urban areas (n = 138 goose/seasons) yielding 438,006 locations 
during 2016–2020. Geese wintering in urban portions of Chicago moved less (4.8 km ± 0.06 SE) 
than geese wintering in suburban areas (6.6 km ± 0.12 SE).  We recorded 32 departures of 153 
bird/winters from 2014–2019, an average of 22.3% each year.  Average date of departure was 6 
January ± 22.3 days, average temperature was -12.5 C° (± 7.5) and snow depth average 9.4 cm 
(± 6.6).  During 16 November 2015 – 28 February 2016, we recorded 3,008 transitional 
movements from 24 transmittered Canada geese with 125.33 ± 15.62 movements per goose; 92% 
were identified as intersecting Midway International Airport (MDW).  We documented 45 
incidences of molt migrations by geese captured in the Illinois, around 36% of marked geese 
undertaking such a migration.  Mean northward departure was 29 May (± 1.1 days) and return to 
temperate latitudes of 17 September (± 2.5 days) 
We monitored the chronology and distribution of shorebirds aerially in the IRV during 
autumn 2019; however, spring 2020 flights were cancelled due to the Covid-19 Pandemic.  A 
peak count of 41,330 shorebirds was observed on August 1st in the IRV.  Dynamic occupancy 
analyses showed the prevalence of wet mud drove site occupancy, and higher occupancy rates 
were observed in the fall than the spring.  Abundance analyses found mud availability was also 
the driving factor in site abundance.  Overall abundance and wet mud availability varied by 
season, with 15 times more shorebirds and more than twice the amount of wet mud available in 
the autumn than spring.   
We banded 2,501 ducks from 9 species at the Yorkton Saskatchewan Banding Station 
during August 2019.   
Literature Cited 
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Stafford, J. D., M. M. Horath, A. P. Yetter, C.S. Hine, and S.P. Havera.  2007.  Wetland use by 
mallards during spring and fall in the Illinois and Central Mississippi River 
Valleys.  Waterbirds 30:394–402. 
Stafford, J. D., A. P. Yetter, C. S. Hine, R. V. Smith, and M. M. Horath. 2011. Seed abundance 
for waterfowl in wetlands managed by the Illinois Department of Natural Resources. 
Journal of Fish and Wildlife Management 2:3-11.  
6
NARRATIVE 




We will aerially identify and enumerate ducks, geese, swans, and select other 
waterbirds at selected sites in the Illinois and central Mississippi river valleys of Illinois during 
autumn, early winter, and spring and summarize and distribute these data to conservation 
partners and the general public.  Specifically, we will:  
 
1) Identify and enumerate waterfowl and select other waterbirds along the Illinois and 
central Mississippi rivers of Illinois during autumn (≥40 sites) and spring migration 
(≥40 sites) using light aircraft,  
2) Compute annual use-days and peak abundances for observed species and compare with 
long-term averages,  
3) Provide general inference regarding the distribution of waterfowl in space and time 
relative to habitat conditions, and 
4) Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral 
presentations, technical reports, peer-reviewed publications, and other means. 
Introduction 
The Illinois and Mississippi river valleys are major migration and wintering areas for 
nearly 30 species of waterfowl in the Mississippi Flyway.  Additionally, these regions provide 
significant recreational opportunities (e.g., hunting and bird watching).  Data from aerial 
inventories are used to direct waterfowl management, habitat acquisition, ecological research, 
and for public outreach.  There are many important private, state, and federal waterfowl areas 
and refuges within these river floodplains, such as the Mark Twain National Wildlife Refuge 
(NWR), the Illinois River National Wildlife and Fish Refuges, and Keokuk Pool.  The Illinois 
Natural History Survey (INHS), with support from the Illinois Department of Natural Resources 
(IDNR) and the Federal Aid in Wildlife Restoration Fund through the U.S.  Fish and Wildlife 
Service (USFWS), has conducted aerial inventories of waterfowl along the Illinois and 
Mississippi rivers since 1948 (flown each year but 2001). This undertaking represents the 
longest known inventory of waterfowl, preceding even the USFWS breeding waterfowl counts 
and mid-winter inventories established in 1955.  Therefore, 71 years of data exist on autumn- 
migrating waterfowl for these critical ecoregions, collected by only 4 observers. 
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Aerial inventory data are frequently requested and used by federal and state agencies 
for regulatory decisions, evaluation of management or enhancement projects, and conservation 
prioritization.  Specifically, the IDNR relies on these inventories to guide the establishment of 
hunting season dates, zones, and other regulations and to prioritize wetland habitat acquisitions. 
Previously, this database has been used by the Mississippi Flyway Technical Section and 
Council to monitor abundance and distribution of migrating waterfowl, especially canvasbacks, 
mallards, and northern pintails.  Requests for inventory information are received annually from 
state, federal, and private-sector employees to be used for projects such as Environmental 
Management Programs, scientific publications, theses and dissertations, formal presentations, 
and newspaper and magazine articles. Further, the long-term nature of this dataset makes it 
particularly unique and valuable; therefore, it was essential that the autumn inventory database 
continue to be summarized and maintained for future analyses.  We monitored waterfowl in 
Illinois to maintain this long-term dataset, evaluated spatial and temporal variation in 
abundance and distribution of waterfowl, and presented these data concisely to aid waterfowl 
and wetland management decisions in this region. 
Methods 
The INHS began aerial inventories of waterfowl during autumn migration in the Illinois 
and Mississippi river floodplains in 1948.  Initially, these flights were conducted weekly from 1 
September to mid-December, and the winter inventory in early January was added in 1955.  
More recently, four flights were made in September and weekly flights from the second week of 
October through early January to better overlap with important migration periods of waterbirds 
in our study region.  We used fixed-wing aircraft to conduct aerial inventories of waterfowl and 
other waterbirds present at selected sites along the Illinois (IRV; Hennepin to Grafton, IL) and 
central Mississippi river valleys (CMRV; Grafton to near New Boston, IL) during autumn and 
early winter (Fig. 1; Havera 1999).  One observer conducted all inventories from a single-engine, 
fixed-wing aircraft flying at an altitude of <450 ft and 150–160 mph (Havera 1999, Stafford et al. 
2007). 
During each flight in autumn, we inventoried 18–25 areas (Sanganois SFWA, Illinois 
River, returned to the list of inventoried sites in 2017 and Powerton Lake was added back in in 
2019 since their elimination in autumn 2000) in each river valley that typically host the majority 
of waterfowl in the region (Horath and Havera 2002).  We recorded the number and species 
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composition of waterfowl at each site, and survey methods mirrored previous years to maintain 
consistency with past inventories (Table 1; Havera 1999).  We also noted river water levels and 
resulting foraging habitat quality for waterfowl during September flights (Fig. 2).  In addition, we 
inventoried 61 locations for waterfowl in the IRV and 43 locations/regions of the CMRV during 
spring 2020 (Fig. 3).  We computed waterfowl use days (Stafford et al. 2007) and peak 
abundance estimates for the IRV and CMRV during autumn and made comparisons between the 
current waterfowl abundance and the most recent 5-year average.   
Results and Discussion 
Autumn Wetland Habitat Conditions 
We ranked wetland habitat conditions for migratory waterfowl and noted river stage 
readings during the growing season.  Water levels along the Illinois River receded in early 
August allowing for a late season drawdown at many waterfowl sanctuaries (Fig. 2).  Some 
flooding occurred on the Illinois River in mid-September; however, major flooding ensued along 
the entire Illinois River in late-September and October, which likely lowered the quality of 
waterfowl forage along the Illinois River.  Overall food resources along the Illinois River were 
considered below average during autumn 2019.   
The central Mississippi River from New Boston, Illinois to St. Louis, Missouri 
experienced flooding during the 2019 growing season and prevented growth and maturity of 
moist-soil vegetation at many waterfowl refuges.  Beds of submersed aquatic vegetation (SAV) 
at Pool 19, Mississippi River, a key migratory stopover habitat for diving ducks (Aythyini), was 
noted as well below average; however, the lotus beds (Nelumbo lutea) at Hamilton and Nauvoo, 
Illinois and Montrose, Iowa appeared to be in good condition.  Flooding damaged waterfowl 
forage on most refuges along the CMRV, and waterfowl foraging habitat for the entire CMRV 
was considered below average.  The only notable food resources occurred at Crystal Lake on the 
upper river and Towhead Lake along the lower CMRV.   
Autumn Waterfowl Inventories 
We completed 17 weekly aerial inventories of the IRV and CMRV during autumn 
migration beginning 4 September 2019 and ending 8 January 2020.  We experienced a typical 
autumn migration until mid-November.  First ice was witnessed on November 14th following 3 
days of record lows on November 11–13, 2019.  Lows of -1o F were recorded on November 13th 
in Peoria, Illinois.  This weather system forced many non-mallard dabbing ducks out of central 
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Illinois.  Wetlands thawed later in November, only to refreeze on December 10th.  However, 
wetlands thawed by late-December and remained open until the Waterfowl Midwinter Inventory 
on January 8, 2020.  Consequently, peak abundance estimates of ducks ranked 66th in the IRV 
(250,455 total ducks) out of the 71 years we have been monitoring waterfowl along these rivers 
(Fig. 4, Table 2).  Weather and food resources on the Mississippi River likely influenced 
abundance in the CMRV when peak numbers of ducks (527,935 total ducks) ranked 39th overall 
since 1948 (Fig. 5).  Waterfowl use-day estimates for most species and guilds were below those 
encountered in autumn 2018 and during the most recent 5-yr average (Table 3, Fig. 6).  Total 
duck use days of the Illinois River were 28% and 26% below 2018 estimates and the 2014–2018 
average, respectively.  Total duck use days along the IRV in autumn 2019 ranked 62nd out of the 
last 71 years of monitoring waterfowl populations.  Likewise, along the CMRV, total duck use 
days were 46% below those encountered in autumn 2018 and 38% below the 5-yr average.  Duck 
use days ranked 45th on the CMRV since monitoring began in 1948.  Most noteworthy was the 
lack of canvasbacks witnessed on the CMRV.  We estimated 383,780 canvasback use days along 
the central Mississippi River during autumn 2019, which was 69% and 80% below the 2018 
estimate and the 2014–2018 average, respectively.  However, canvasbacks were up 74% from 
the 5-yr average along the IRV.  Below average foraging habitat and mid-November freezing 
along both rivers likely reduced duck abundance during autumn 2019. 
In the IRV, peak abundance of total ducks for 2019 occurred on 5 November (250,455); 
this estimate was 35% below the 2018 peak (386,230) and 37% below the most recent 5-year 
average of 396,469 (Table 2).  Peak counts of waterfowl in the IRV over the last 9 years have 
varied chronologically from 5 November (2019, Fig. 4), 14 November (2018), 13 November 
(2017), 14 November (2016), 2 November (2015), 5 November (2014), 8 November (2013), 12 
December (2012), to 15 November (2011).  
Duck abundance peaked on 14 November in the CMRV (Fig. 5).  Total ducks peaked in 
the CMRV at 527,935 birds, which was 46% below levels observed in 2018 (972,270) and were 
32% below the 5-year average (773,132) (Table 2).  Peak abundance of total ducks has varied 
from 14 November to 14 December over the last 9 years:  2019 (14 November; Fig. 5), 2018 (14 
November), 2017 (14 December), 2016 (12 December), 2015 (3 December), 2014 (25 
November), 2013 (29 November), 2012 (12 December), and 2011 (30 November).  Peak 
abundance of total ducks for the two river systems combined (714,350) was 47% below the peak 
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in 2018 (1,358,500) and 35% below the 5-year average (1,094,446). 
Autumn use-day estimates for total ducks were fewer in the IRV and CMRV in 2019 
than 2018 (12,777,798 [-28%], and 16,895,243 [-46%], respectively; Table 3; Fig. 6).  
Dabbling duck use days (9,868,448) in 2019 were down 34% along the IRV when compared to 
2018, which was likely due to the early freeze-up in mid-November and below average forage 
in the IRV.  Likewise, CMRV dabbling duck use days (14,680,855) in 2019 were 45% down 
from 2018 estimates (Table 3).  Mallard use days along the CMRV were down 48% and 16% 
compared to 2018 and the 5-yr average, respectively (Table 3).  Similarly, on the IRV, 
mallards were down 34% and 21% from 2018 and the 5-yr average.  Since the inception of the 
waterfowl inventory in 1948, total duck use days in the IRV ranked 62nd in 2019.  Total duck 
use days in the CMRV ranked 45th out of 71 years. 
Total diving duck use-day estimates in the IRV during autumn were 6% greater in 2019 
than 2018 (2,870,638 and 2,699,668 respectively; Table 3).  However, autumn diving duck use 
days were down 56% along the CMRV in 2019 from 2018.  Autumn use days for lesser scaup 
were up in the IRV (+19%) and down in the CMRV (-7%) relative to 2018.  The majority 
(57%) of the autumn diving duck use days along both river systems (5,076,465) was attributed 
to the IRV (2,870,638).  Weather likely forced the canvasbacks and lesser scaup out of Pool 19 
in the CMRV rather quickly, which kept use-day estimates low.  This marks the first time since 
1954, when the IRV diving duck populations crashed, that the IRV has outranked the CMRV 
in diving duck abundance.  Diving duck use days on the IRV ranked 10th highest since 1948 
and is a small victory in the comeback of divers along this river.  However, the CMRV diving 
duck use ranked 58th since 1948.  Although this was likely confounded with weather, it is 
startling evidence warranting future monitoring of wetland habitat conditions on Pool 19, 
Mississippi River. 
Spring Waterfowl Inventories 
We completed 4 of 8 (50%) weekly aerial inventories of the IRV and 3 of 8 (37.5%) 
CMRV inventories during spring migration beginning 28 February 2020 and ending 17 March 
2020 (Appendix 1, Figs. 7–8).  The Covid-19 Pandemic and Governor Pritzker’s Stay-at-Home 
Executive Order prevented the completion of the remaining flights for spring 2020, and thus, 
no comparisons could be made.   
Outreach 
11
We disseminated weekly waterbird data to biologists and the public via email.  We 
posted 16 Facebook blogs on the Forbes Biological Station page and observed a weekly 
viewership that averaged 29,195 views and 467,112 overall observations.  In addition, 13 weekly 
blogs were distributed to the Mason/Fulton County Democrat, Heartland Outdoors Magazine, 
and Dale Bowman’s column in the Chicago Tribune, and posted on the Frank C. Bellrose 
Waterfowl Research Center webpage. 
Publications 
We prepared 2 manuscripts from prior work involving the aerial inventories of waterfowl 
in the IRV.  The first manuscript was published in spring 2020 (Appendix 2) while the second is 
still in revision. 
Gilbert, A.D., C.N. Jacques, J.D. Lancaster, A.P. Yetter, and H.M. Hagy. 2020. 
Disturbance caused by aerial waterfowl surveys during the nonbreeding season. Journal 
of Wildlife Management 84:1063-1071. doi:10.1002/jwmg.21874 
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Figure 1.  Locations in the Illinois and central Mississippi river valleys aerially inventoried for 




Figure 2.  Water levels of the Illinois and Mississippi rivers during the 2019 growing season and 




























Figure 3.  Locations in the Illinois and central Mississippi river valleys aerially inventoried for waterfowl 




Figure 4.  Estimated abundance of dabbling ducks, diving ducks, and total ducks observed during 








Figure 5.  Estimated abundance of dabbling ducks, diving ducks, and total ducks observed during 















































































































































Figure 6.  Total duck use-day estimates observed during autumns 1948–2019 in the Illinois River 





































































Figure 7.  Estimated abundance of dabbling ducks, diving ducks, and total ducks observed during 
spring 2020 in the Illinois River valley.  Aerial surveys were stopped after March 17, 2020 due 









Figure 8.  Estimated abundance of dabbling ducks, diving ducks, and total ducks observed during 
spring 2020 in the central Mississippi River valley.  Aerial surveys were stopped after March 17, 
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Table 1.  Avian species encountered during autumn 2019 and spring 2020 aerial inventories of 
the Illinois and central Mississippi rivers. 
 
Common Name/Species Group Scientific Namea Abbreviation 
   
Dabbling ducks   
Mallard Anas platyrhynchos MALL 
American black duck Anas rubripes ABDU 
Northern pintail Anas acuta NOPI 
Blue-winged teal Spatula discors BWTE 
Green-winged teal Anas crecca GWTE 
American wigeon Mareca americana AMWI 
Gadwall Mareca strepera GADW 
Northern shoveler Spatula clypeata NSHO 
   
Diving ducks   
Lesser scaup Aythya affinis LESC 
Ring-necked duck Aythya collaris RNDU 
Canvasback Aythya valisineria CANV 
Redhead Aythya americana REDH 
Ruddy duck Oxyura jamaicensis RUDU 
Common goldeneye Bucephala clangula COGO 
Bufflehead Bucephala albeola BUFF 
   
Mergansers   
Common merganser Mergus merganser COME 
Red-breasted merganser Mergus serrator RBME 
Hooded merganser Lophodytes cucullatus HOME 
   
Geese   
Greater white-fronted goose Anser albifrons GWFG 
Canada goose Branta canadensis CAGO 
Snow goose Chen caerulescens LSGO 
   
American coot Fulica americana AMCO 
   
American white pelican Pelecanus erythrorhynchos  AWPE 





Species and Regions 2018 2019
2014─2018 
Average
% Δ from 
2018
% Δ from 
2014─2018
Mallard
Illinois River 240,390 115,740 188,535 -52 -39
Central Mississippi River 606,710 372,060 466,980 -39 -20
Illinois & Mississippi Rivers 847,100 471,040 650,794 -44 -28
American black duck
Illinois River 490 650 765 33 -15
Central Mississippi River 410 165 549 -60 -70
Illinois & Mississippi Rivers 695 770 1,263 11 -39
Northern pintail
Illinois River 50,560 54,215 58,096 7 -7
Central Mississippi River 96,200 73,800 106,288 -23 -31
Illinois & Mississippi Rivers 135,150 104,425 150,291 -23 -31
Blue-winged teal
Illinois River 20,340 24,835 25,953 22 -4
Central Mississippi River 8,565 5,310 8,675 -38 -39
Illinois & Mississippi Rivers 24,460 30,145 33,739 23 -11
American green-winged teal
Illinois River 61,285 33,750 70,795 -45 -52
Central Mississippi River 50,225 17,500 73,064 -65 -76
Illinois & Mississippi Rivers 78,875 42,750 131,655 -46 -68
American wigeon
Illinois River 1,390 6,905 3,787 397 82
Central Mississippi River 2,645 1,600 3,481 -40 -54
Illinois & Mississippi Rivers 2,845 8,505 5,911 199 44
Gadwall
Illinois River 54,520 34,490 55,076 -37 -37
Central Mississippi River 39,590 30,450 57,039 -23 -47
Illinois & Mississippi Rivers 78,310 63,025 104,796 -20 -40
Northern shoveler
Illinois River 28,285 13,670 26,823 -52 -49
Central Mississippi River 12,950 5,600 20,745 -57 -73
Illinois & Mississippi Rivers 23,210 18,700 42,590 -19 -56
Dabbling ducks
Illinois River 335,190 199,735 314,304 -40 -36
Central Mississippi River 792,105 467,795 604,186 -41 -23
Illinois & Mississippi Rivers 1,127,295 594,510 846,488 -47 -30
Table 2.  Peak abundance estimates of various species of waterfowl during falls 2018 and 2019, the 




Table 2.  Continued.
Species and Regions 2,018 2,019
2014─2018 
Average
% Δ from 
2018
% Δ from 
2014─2018
Lesser scaup
Illinois River 7,455 8,790 17,127 18 -49
Central Mississippi River 8,400 19,500 38,412 132 -49
Illinois & Mississippi Rivers 10,200 28,290 51,815 177 -45
Ring-necked duck
Illinois River 27,900 39,270 29,604 41 33
Central Mississippi River 83,080 45,970 62,685 -45 -27
Illinois & Mississippi Rivers 106,700 85,240 88,059 -20 -3
Canvasback
Illinois River 2,410 11,625 6,927 382 68
Central Mississippi River 74,950 17,520 141,031 -77 -88
Illinois & Mississippi Rivers 77,360 25,005 146,387 -68 -83
Redhead
Illinois River 30 700 791 2,233 -12
Central Mississippi River 1,325 310 1,245 -77 -75
Illinois & Mississippi Rivers 1,325 920 1,528 -31 -40
Ruddy duck
Illinois River 42,725 19,130 43,423 -55 -56
Central Mississippi River 5,300 3,550 16,605 -33 -79
Illinois & Mississippi Rivers 36,190 22,680 54,440 -37 -58
Common goldeneye
Illinois River 5,380 12,150 7,623 126 59
Central Mississippi River 20,635 13,565 22,691 -34 -40
Illinois & Mississippi Rivers 22,845 25,715 29,680 13 -13
Bufflehead
Illinois River 565 1,705 1,901 202 -10
Central Mississippi River 4,020 3,100 4,903 -23 -37
Illinois & Mississippi Rivers 4,250 3,300 6,737 -22 -51
Diving ducks
Illinois River 71,905 71,105 89,886 -1 -21
Central Mississippi River 179,865 72,170 226,581 -60 -68
Illinois & Mississippi Rivers 230,735 143,275 285,921 -38 -50
Total mergansers
Illinois River 815 3,715 1,466 356 153
Central Mississippi River 1,020 3,455 3,700 239 -7




Species and Regions 2018 2019
2014─2018 
Average
% Δ from 
2018
% Δ from 
2014─2018
Total  ducks
Illinois River 386,230 250,455 396,469 -35 -37
Central Mississippi River 972,270 527,935 773,132 -46 -32
Illinois & Mississippi Rivers 1,358,500 714,350 1,094,446 -47 -35
Greater white-fronted goose
Illinois River 12,620 14,720 8,155 17 81
Central Mississippi River 9,000 20,050 8,759 123 129
Illinois & Mississippi Rivers 21,620 25,650 15,599 19 64
Canada goose
Illinois River 11,595 8,530 7,781 -26 10
Central Mississippi River 14,975 8,055 10,684 -46 -25
Illinois & Mississippi Rivers 26,570 15,635 17,381 -41 -10
Lesser snow goose
Illinois River 9,000 2,000 6,028 -78 -67
Central Mississippi River 12,500 2,205 8,123 -82 -73
Illinois & Mississippi Rivers 21,500 4,205 12,242 -80 -66
American coot
Illinois River 86,250 187,550 161,842 117 16
Central Mississippi River 21,200 33,300 44,523 57 -25
Illinois & Mississippi Rivers 107,450 220,850 186,764 106 18




Species and Regions 2018 2019
2014─2018 
Average
% Δ from 
2018
% Δ from 
2014─2018 
Mallard
Illinois River 7,631,313 5,028,083 6,390,394 -34 -21
Central Mississippi River 19,184,825 10,016,438 11,978,007 -48 -16
Illinois & Mississippi Rivers 26,816,138 15,044,520 18,368,400 -44 -18
American black duck
Illinois River 15,380 14,993 20,057 -3 -25
Central Mississippi River 7,955 4,453 6,241 -44 -29
Illinois & Mississippi Rivers 23,335 19,445 26,298 -17 -26
Northern pintail
Illinois River 2,173,180 1,728,813 2,375,309 -20 -27
Central Mississippi River 3,544,025 3,023,465 4,313,053 -15 -30
Illinois & Mississippi Rivers 5,717,205 4,752,278 6,688,362 -17 -29
Blue-winged teal
Illinois River 518,863 564,083 549,340 9 3
Central Mississippi River 207,238 81,923 199,269 -60 -59
Illinois & Mississippi Rivers 726,100 646,005 748,609 -11 -14
American green-winged teal
Illinois River 2,045,278 980,885 2,892,544 -52 -66
Central Mississippi River 1,805,208 802,770 2,756,951 -56 -71
Illinois & Mississippi Rivers 3,850,485 1,783,655 5,649,495 -54 -68
American wigeon
Illinois River 45,178 139,663 109,388 209 28
Central Mississippi River 34,778 25,845 56,509 -26 -54
Illinois & Mississippi Rivers 79,955 165,508 165,897 107 0
Gadwall
Illinois River 1,844,918 1,014,495 1,527,454 -45 -34
Central Mississippi River 1,393,150 583,750 1,873,774 -58 -69
Illinois & Mississippi Rivers 3,238,068 1,598,245 3,401,228 -51 -53
Northern shoveler
Illinois River 765,193 397,435 924,263 -48 -57
Central Mississippi River 360,920 142,213 677,151 -61 -79
Illinois & Mississippi Rivers 1,126,113 539,648 1,601,414 -52 -66
Dabbling ducks
Illinois River 15,039,300 9,868,448 14,788,748 -34 -33
Central Mississippi River 26,538,098 14,680,855 21,860,954 -45 -33
Illinois & Mississippi Rivers 41,577,398 24,549,303 36,649,702 -41 -33
Table 3.  Use-day estimates of waterfowl during autumn 2018 and 2019, the average for 2014─2018 and the 




Table 3.  Continued.
Species and Regions 2018 2019
2014─2018 
Average
% Δ from 
2018
% Δ from 
2014─2018 
Lesser scaup
Illinois River 165,820 193,405 235,826 17 -18
Central Mississippi River 362,178 336,835 788,156 -7 -57
Illinois & Mississippi Rivers 527,998 530,240 1,023,982 0 -48
Ring-necked duck
Illinois River 1,078,445 1,356,925 792,418 26 71
Central Mississippi River 2,678,625 1,104,730 1,744,157 -59 -37
Illinois & Mississippi Rivers 3,757,070 2,461,655 2,536,575 -34 -3
Canvasback
Illinois River 91,883 238,450 136,871 160 74
Central Mississippi River 1,256,893 383,780 1,924,079 -69 -80
Illinois & Mississippi Rivers 1,348,775 622,230 2,060,950 -54 -70
Redhead
Illinois River 865 12,275 12,494 1,319 -2
Central Mississippi River 15,788 4,215 17,393 -73 -76
Illinois & Mississippi Rivers 16,653 16,490 29,887 -1 -45
Ruddy duck
Illinois River 1,311,855 856,728 1,270,770 -35 -33
Central Mississippi River 171,878 128,248 521,655 -25 -75
Illinois & Mississippi Rivers 1,483,733 984,975 1,792,425 -34 -45
Common goldeneye
Illinois River 41,043 192,863 65,258 370 196
Central Mississippi River 417,568 197,553 344,874 -53 -43
Illinois & Mississippi Rivers 458,610 390,415 410,131 -15 -5
Bufflehead
Illinois River 9,758 19,993 30,307 105 -34
Central Mississippi River 92,685 50,468 78,867 -46 -36
Illinois & Mississippi Rivers 102,443 70,460 109,174 -31 -35
Diving ducks
Illinois River 2,699,668 2,870,638 2,543,942 6 13
Central Mississippi River 4,995,613 2,205,828 5,419,180 -56 -59
Illinois & Mississippi Rivers 7,695,280 5,076,465 7,963,122 -34 -36
Total mergansers
Illinois River 14,720 38,713 21,012 163 84
Central Mississippi River 19,153 8,560 38,824 -55 -78
Illinois & Mississippi Rivers 33,873 47,273 59,836 40 -21
24
  
Table 3.  Continued.
Species and Regions 2018 2019
2014─2018 
Average
% Δ from 
2018
% Δ from 
2014─2018 
Total  ducks
Illinois River 17,753,688 12,777,798 17,353,702 -28 -26
Central Mississippi River 31,552,863 16,895,243 27,318,958 -46 -38
Illinois & Mississippi Rivers 49,306,550 29,673,040 44,672,659 -40 -34
Greater white-fronted goose
Illinois River 268,565 124,088 140,714 -54 -12
Central Mississippi River 195,223 275,660 218,164 41 26
Illinois & Mississippi Rivers 463,788 399,748 358,878 -14 11
Canada goose
Illinois River 417,235 380,303 368,455 -9 3
Central Mississippi River 307,255 286,258 434,365 -7 -34
Illinois & Mississippi Rivers 724,490 666,560 802,819 -8 -17
Lesser snow goose
Illinois River 85,413 15,983 51,144 -81 -69
Central Mississippi River 95,015 19,248 87,074 -80 -78
Illinois & Mississippi Rivers 180,428 35,230 138,218 -80 -75
American coot
Illinois River 2,489,760 3,513,106 5,525,497 41 -36
Central Mississippi River 781,133 537,310 1,504,074 -31 -64
Illinois & Mississippi Rivers 3,270,893 4,050,416 7,029,571 24 -42
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We will investigate ecology of postbreeding wood ducks in the Illinois River Valley 
during late summer and autumn 2019, use these data to draw inferences relevant to conservation 
planning and habitat management in Illinois, and distribute our findings to parties of interest.  
Specifically, we will:  
1) Document daily movements of wood ducks in the IRV and identify factors affecting 
inter-wetland movements, 
2) Describe diurnal and nocturnal habitat use by marked individuals and identify factors 
associated with wetland habitat use, 
3) Estimate wood duck postbreeding survival rates and cause-specific mortality, 
4) Determine departure dates of marked wood ducks and estimate stopover duration in the 
IRV,  
5) Evaluate proportional use of refuge and non-refuge sites, 
6) Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral presentations, 
technical reports, peer-reviewed publications, and other means, 
7) A popular article (~500 words and 2 photos) describing the project will be provided to 
Illinois Department of Natural Resources by the grant end date. 
Introduction 
Waterfowl hunting is an important pastime to Illinois residents, and Illinois’ wetlands 
provide important habitats for migratory waterfowl, particularly in the Illinois River Valley 
(IRV).  Emphasizing the historical importance of the IRV to waterfowl, peak abundance of 
mallards (Anas platyrhynchos) exceeded 1.6 million in 1948, and peak abundance of scaup 
(Aythya affinis and A. marila) was 500,000 prior to the mid-1950’s (Havera 1999:227–236). 
Unfortunately, extensive leveeing and drainage, primarily for agriculture, has eliminated 53% of 
the natural wetlands in the IRV (Havera 1999).  This loss of wetlands has brought about many 
rehabilitation and restoration projects attempting to restore wetland wildlife to former population 
levels.  Despite these landscape-scale modifications, much of Illinois remains critical habitat for 
migrating waterfowl (Havera 1999).  For example, peak duck abundance in the IRV currently 
averages 538,000 (range 303,000–617,000; based on 2012–2016 aerial inventories; A.P. Yetter, 
INHS, unpublished data).  The IRV is of primary importance to waterfowl and is a focus area of 
the Illinois Wetlands Campaign and Strategy (Schultheis and Eichholz 2013) and the Upper 
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Mississippi River and Great Lakes Region Joint Venture (UMRGLRJV) of the North American 
Waterfowl Management Plan (Soulliere et al. 2007).  Specifically, the UMRGLRJV relies on the 
IRV and other migratory focus areas in Illinois to protect, maintain, enhance, or restore 856,061 
ha of wetland habitats for waterfowl.  The wood duck (Aix sponsa) is the most abundant nesting 
duck species in Illinois and represent a large component of the Illinois duck harvest (Havera 
1999).  Wood ducks consistently ranked second only to mallards in both Illinois and the 
Mississippi Flyway duck harvest between 1981–1995 (Havera 1999).  According to recent U.S. 
Fish and Wildlife Service parts collection survey data, wood ducks again ranked second in 
Illinois’ duck harvest during 2015 and 2016, averaging 13% of Illinois harvest (Raftovich et al. 
2017).  Much research on wood ducks has involved their breeding ecology (Bellrose and Holm 
1994).  In fact, wood duck use of natural cavities has been studied extensively in central and 
southern Illinois (Bellrose et al. 1964, Ryan et al. 1998, Yetter et al. 1999, Roy-Nielsen and 
Gates 2007, Roy-Nielsen et al. 2007).  However, despite the consistent and maintained harvest of 
this species, relatively few studies have investigated the postbreeding ecology of the species, 
especially in Illinois (Bellrose and Holm 1994).  Parr et al. (1979) evaluated wood duck 
movements and habitat use during autumn in southern Illinois and found that the maximum 
distance wood ducks traveled daily from roosts was 10 km. They noted that the majority of wood 
duck locations were found in buttonbush (Cephalanthus occidentalis) swamp diurnally (75%) 
and nocturnally (99%); however, the number of marked birds in this study was low (n = 10; Parr 
et al. 1979).  Likewise, woody wetlands and swamps were preferred by postbreeding wood ducks 
both diurnally and as roosts in northern Alabama (Thompson and Baldassarre 1988).  Our data 
will provide information to guide conservation decisions for more than the species of interest.  
Thus, investigations of waterfowl in autumn and winter in Illinois are critical to guide 
conservation planning, as well as, harvest management, which provides recreational and 
economic benefits to Illinois.  Specifically, our investigation of wood ducks during late summer 
and autumn will yield information useful to the Illinois Wetlands Campaign and Strategy while 
providing information to better understand wetland use, use of refugia and sanctuaries, 
interwetland movements, daily movement patterns, home range size, and estimate survival in an 
important mid-migration area. 
Methods 
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We captured and radiomarked female and male wood ducks during the postbreeding 
period in late July and August 2018–2019 in the IRV.  Our study area encompassed the La 
Grange Pool of the Illinois River extending from near Pekin, IL (River Mile 157.7), IL, to the La 
Grange Lock and Dam (River Mile 80.2) near Meredosia, IL.  This segment of the Illinois River 
floodplain included portions of Peoria, Tazewell, Fulton, Mason, Schuyler, Brown, and Cass 
counties.  Additionally, we monitored telemetered birds in tributary streams, wetlands, and strip-
mined lands outside of the Illinois River floodplain in these counties as necessary.  Specific trap 
sites included Rice Lake, Spring Lake, and Sanganois State Fish and Wildlife areas (SFWA); and 
The Nature Conservancy’s Emiquon Preserve.  We determined capture locations based on 
scouting and ground reconnaissance.  We radiomarked (very high frequency [VHF] and cellular 
[GSM-GPS]) ~100 wood ducks each year, and attempted to distribute them equally across age 
(i.e., after hatch year, hatch year) and sex (i.e., male, female) classes.  We captured wood ducks 
in August and early September in coordination with baiting laws for September Canada goose 
and teal hunting seasons.  Capture techniques included baited confusion (Y-Traps) traps and 
rocket nets (Cox and Afton 1994, 1998; Yetter et al. 2018).  After capture, we aged (Carney 
1992), sexed, weighed and measured, and fitted wood ducks with VHF or GSM cellular 
transmitter prior to release.  We used a bib style necklace (10 g) mounted on Herculite fabric for 
VHF transmitters (Montgomery 1985, Ryan et al. 1998, Rush 2019).  Our cellular backpack 
transmitters were 10.5 g Ornitrack-10 GSM-GPS models (hereafter GSM) that were attached 
with Teflon ribbon (Dwyer 1972).  Survival may vary with trap location (Blohm et al. 1987); 
thus, we attempted to capture females and males on a variety of wetlands (e.g., refuges, hunted 
lands, public, and private) to evaluate potential survival and behavioral differences.  For GSM 
transmitters, we collected multiple GPS locations during both the diurnal and nocturnal periods, 
dependent on battery level of the solar charged transmitters.  For VHF transmitters, we will use 
standard radio-telemetry techniques to track wood ducks to determine diurnal (½ hr after sunrise 
to ½ hr before sunset) and nocturnal (½ hr after sunset to ½ hr before sunrise) habitat use. Birds 
were located by ground crews using triangulation techniques with vehicle-mounted null-array 
antenna systems and hand-held antennas (Davis et al. 2009).  We determined locations of ducks 
using Program LOAS 4.0.3.8, which partially automates telemetry locations using a global 
positioning system and digital compass.  Tracking crews practiced triangulations until azimuth 
standard deviation are <3°.  We recorded habitat use of all individuals to wetland and upland 
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habitat types as depicted on aerial images, National Wetlands Inventory, and the Illinois 
Landcover Database in ArcMAP.  We aerially searched for birds not found via ground tracking 
approximately weekly.  When birds were located from the air, ground crews were dispatched to 
that area for location and triangulation.  We calculated consecutive day roost to night roost (Day-
Night) and night roost to day roost (Night-Day) movement distances from daily location data 
using the Pythagorean Theorem.  We calculated home range size (95% Minimum Convex 
Polygons [MCP]) for birds that remained in the study area ≥ 3 days using the Minimum 
Bounding Geometry Tool in ArcToolBox.  Similarly, we evaluated the effects of sex and age on 
wood duck home range sizes using general linear models (PROC MIXED) with year as a random 
effect SAS v9.4 (α = 0.05; SAS Institute, Cary, NC, USA).  For stopover estimation, we assumed 
an individual emigrated from the study area if we failed to locate them via ground or aerial 
searches.  We estimated total stopover duration using encounter sampling through Program 
DISTANCE (Otis et al. 1993, Lehnen and Krementz 2005, Hagy et al. 2014).  We estimated 
survival of postbreeding wood ducks using the known fate model in Program MARK (White and 
Burnham 1999).  We used Akaike’s Information Criterion to evaluate models containing effects 
of age, sex, and capture date on daily survival rates. 
Results and Discussion 
We radiomarked (VHF) 105 wood ducks during August and September 2018 and 74 
wood ducks during August and September of 2019.  Additionally, in 2019 we marked 30 wood 
ducks with GSM transmitters.  Wood ducks were captured in three regions of the La Grange 
Pool.  Our northern most region included capture sites on Big Lake at the Rice Lake SFWA and 
along the Illinois River bank north of Spring Lake SFWA.  In addition, we radiomarked wood 
ducks at Emiquon Preserve (central region) near Havana, and Sanganois SFWA (southern 
region) near Chandlerville.  We have documented 8,241 location of radio-marked wood ducks 
and 13,589 locations from GSM marked wood ducks within the Illinois River Valley.  We 
documented 3,765 movements from diurnal to nocturnal locations. Preliminary analyses 
indicated wood ducks moved 2,814 m (SE = 45) between daytime habitats and night roosts. 
Wood ducks most commonly used wooded and emergent wetland habitats (Table 4).  During the 
diurnal time period, wood ducks predominantly used wooded wetlands.  However, during the 
nocturnal time period many birds moved out of these wooded wetlands and roosted in emergent 
wetlands.  Throughout this period, we noted 32 mortality events of marked wood ducks 
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including 25 hunter-harvested birds with the remainder depredation.  However, 4 of the hunter-
harvested wood ducks were marked in the 2018 field season and harvested in Wisconsin, 
Minnesota, Louisiana, and Mississippi during the 2019 waterfowl season.  Most wood ducks 
departed La Grange Pool by early November (Fig. 9, x̅ = October 24, median = November 23), 
and the latest bird to emigrate was on December 4th.  In preparations for the 2020 field season, 
we purchased 30 GSM OrniTrack-10 backpack transmitters from Ornitela and 70 VHF bib-style 
transmitters from Lotek.  Data analysis is ongoing and will be presented with results from the 
2020 field season in subsequent reports.  
Additionally, GSM transmitters allowed us to collect locations of wood ducks after they 
migrated out of the Illinois River Valley (Figs. 10–11).  We were able to collect autumn 
migration data from 10 individuals and spring migration data from 6 individuals.  Overall, wood 
ducks used 9 states (AL, AR, IL, KY, LA, MO, MS, TN, and TX) as stopover or overwintering 
locations (Fig. 10).  Further, 1 female wood duck went on a molt migration to Minnesota after an 
apparent failed nesting attempt at Sanganois SFWA (Fig. 11).  Overall, wood ducks primarily 
used wooded habitats at migratory stopover and overwintering locations (Table 5).  From our 
preliminary results, wood duck use of wooded habitats more than doubled during the migratory 
and overwintering time period when compared to the postbreeding time period within the Illinois 
River Valley.    
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Table 4.  Habitat use (%) by radio-marked wood duck (Aix sponsa) from the central Illinois 






Wetland Aquatic Bed 
Open 
Water Agricultural 
Diurnal 54% 26% 13% 5% 1% 
Nocturnal 25% 51% 16% 7% 1% 




Table 5.  Habitat use by wood ducks (Aix sponsa) during the postbreeding period in 
the Illinois River Valley (IRV) and at migratory stopover and overwintering areas.   
Habitat Type IRV 
Migratory Stopover & 
Overwintering 
Wooded Wetland 44% 97% 
Emergent Wetland 35% 2% 
Aquatic Bed Wetland 14% < 1% 
Open Water 6% < 1% 





Figure 9.  Departure dates of radio-marked wood ducks (Aix sponsa) from the central Illinois 
















Figure 10.  Migration routes, stopover areas, and overwintering locations of 10 wood ducks (Aix 
sponsa) captured in central Illinois during August 2019.  
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Figure 11.  Locations and travel routes used by a GSM cellular-marked female wood duck (Aix 
sponsa) captured at Rice Lake State Fish and Wildlife Area, Fulton County, Illinois from August 
13, 2019 through July 3, 2020. 
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We will investigate the ecology of diving ducks (e.g., canvasback and lesser scaup) in the 
Illinois River during spring, use these data and that from past projects to draw inferences relevant 
to conservation planning and wetland habitat management in Illinois, and distribute our findings 
to parties of interest.  Specifically, we will: 
 
1) Trap and leg-band up to 1,000 lesser scaup and canvasback along the Illinois River, 
2) Anecdotally document distribution of lesser scaup and canvasback among and 
within wetlands of the river systems, 
3) Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral 
presentations, technical reports, peer-reviewed publications, and other means. 
Introduction 
Historically, diving ducks were abundant during spring and autumn migration on the 
Illinois River.  For example, 710,275 lesser scaup (Aythya affinis; hereafter, scaup) were 
recorded on the upper Illinois River on 20 November 1949.  However, autumn abundance of 
diving ducks in the IRV declined precipitously in the 1950s and has not recovered; peak 
abundance of scaup during autumns 1993–1996 averaged only 4,465 (Havera 1999).  The central 
Mississippi River, specifically Pool 19, is also a critical area for migrating diving ducks, but peak 
abundances during autumn have declined in this region from about 480,000 during 1978–1982 to 
51,300 during 1993–1996 (Havera 1999).  Most recently, peak abundance of scaup was 42,115 
on Pool 19 during autumn 2013 (A. Yetter, INHS, unpublished data). 
Interestingly, diving ducks are more abundant in these systems during spring than 
autumn.  For example, INHS personnel counted nearly 12,500 scaup at Emiquon Preserve in the 
IRV on 10 March 2007 and 350,000 scaup and 20,000 canvasbacks on Pool 19 of the Mississippi 
River on 24 March 2008.  Thus, wetlands of both rivers systems appear to provide important 
stopover habitats during spring, a critically important time in the annual cycle of waterfowl.  
Because diving ducks partially rely on nutrients acquired during spring migration for breeding, 
the quality of Illinois’ wetlands likely influence population dynamics of these species (Anteau 
and Afton 2004, 2011). 
Lesser scaup and canvasback are two diving ducks species considered in greatest need of 
conservation under the Illinois Comprehensive Wildlife Conservation Plan and Strategy 
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(ICWCPS; IDNR 2005).  Continental populations of both species have decreased significantly 
over the last 30–40 years.  The canvasback population reached a low of 373,000 in 1978 and 
concern remains over the future status of this species.  Similarly, the continental breeding 
population of lesser scaup was estimated near 8.0 million in 1972, but only 3.2 million in 2006.  
The “Spring Condition Hypothesis” may explain the scaup decline, which indicates that foraging 
habitats in the midcontinent have declined in quality (e.g., abundance of food; Anteau and Afton 
2004, 2008a,b, 2011).  If inadequate forage exists for lesser scaup at stopover locations during 
spring migration, these birds may not have the endogenous resources required to reproduce 
successfully. 
Recent researchers have indicated a need for increased banding data during multiple 
seasons of the year to improve the reliability of current survival estimates, especially during non-
breeding periods (Koons et al. 2006).  Band returns establish linkages between migration 
stopover locations and other critical areas used during the annual cycle; however, scaup have 
been typically underrepresented in banding efforts and additional banding data is critically 
needed (Austin et al. 2000).  As the Illinois River is a major autumn and spring migration 
stopover location for ducks traveling to the Great Lakes and the Prairie Pothole Region, 
additional banding data is needed to assess the relative importance of this region and compare 
with the Mississippi River using banding data from concurrent studies (e.g., A. Afton, Louisiana 
State University). 
Methods 
We captured diving ducks at Emiquon National Wildlife Refuge (NWR) and Chautauqua 
NWR using baited (i.e., corn) swim-in traps during March 2020.  We identified species and sex, 
obtained morphological measurements, and attached an incoloy leg band to all diving ducks 
captured.  
Results 
We captured and banded 1,231 diving ducks from March 13–21, 2020.  We banded and 
released 1,210 lesser scaup (LESC Aythya affinis; 1,064 males, 146 females), 8 redhead (REDH 
A. americana; 2 males, 6 females), 1 ring-necked duck (RNDU A. collaris; 1 female), 11 
canvasback (CANV A. valisneria; 7 males, 4 females), and 1 hybrid (LESC x RNDU; 1 male). 
Data were computerized and submitted to the United States Geological Survey’s Bird Banding 
Laboratory.  Since 2012, we have banded 13,460 lesser scaup and 161 canvasbacks in the IRV. 
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STUDY 154:  ECOLOGY OF SPRING-MIGRATING DABBLING DUCKS IN THE 




We will investigate the migration ecology of green-winged teal and gadwall in and 
nearby the central Illinois River valley during spring, use these data to draw inferences relevant 
to conservation planning and wetland habitat management in Illinois, and distribute our findings 
to parties of interest.  Specifically, we will: 
1) Determine home range size, estimate survival, and describe daily movements of a 
minimum of 40 green-winged teal and 40 gadwall during spring migration in central 
Illinois, 
2) Determine diet composition and food selection of a minimum of 50 experimentally-
collected green-winged teal during spring in central Illinois, 
3) Estimate energy density at foraging locations of a minimum of 50 green-winged teal 
during spring in central Illinois, 
4) Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral presentations, 
technical reports, peer-reviewed publications, and other means. 
5) A popular article (~500 words and 2 photos) describing the project will be provided to 
Illinois Department of Natural Resources by the grant end date. 
Introduction 
Millions of waterbirds rely on Illinois wetlands during autumn and spring migration, 
despite landscape-scale modifications (Havera 1999).  In particular, the IRV is a focus area of 
the Upper Mississippi River and Great Lakes Region (UMRGLR) Joint Venture of the North 
American Waterfowl Management Plan (Soulliere et al. 2007).  Peak abundance of ducks in the 
IRV currently averages 396,469 during autumn (based on 2014–2018 INHS aerial inventories).  
Additionally, the UMRGLR Joint Venture specifically relies on the IRV and other migratory 
focal areas in Illinois to protect, maintain, enhance or restore more than 800,000 ha of wetland 
habitats for waterfowl (Soulliere et al. 2007).  Migratory waterfowl common to this region are 
ecologically important as predators and prey and economically important to Illinois communities 
by providing hunting and viewing opportunities (see Study 151).  Thus, investigations of 
migrating and wintering waterfowl in Illinois are critical to guide conservation planning and 
harvest management that provide recreational and economic benefits to Illinois.   
According to U.S. Fish and Wildlife Service parts collection survey data from 2010–
2012, gadwall (Mareca strepera, GADW) and green-winged teal (Anas crecca, GWTE) 
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comprised approximately 15% of the duck harvest in Illinois and were commonly in the top 5 
duck species harvested in the state; however, little information exists to describe spring 
migration ecology of these important species, which is related to autumn population size 
(Hoekman et al. 2002).  Detailed information on spring distribution, habitat associations, food 
selection, and stopover duration for these species are lacking or antiquated.  An investigation 
documenting these factors would provide data critical to effectively allocating conservation 
efforts and help guide wetland habitat restoration and conservation planning at state and regional 
levels.  Extensive declines of natural wetlands within habitats that these species typically 
frequent (e.g., aquatic bed, moist-soil, exposed mudflats) may necessitate restoration of these and 
other important habitats.  Currently, energetic carrying capacity models used for prioritization of 
habitat restoration and protection objectives require accurate estimates of stopover duration, 
habitat use and selection, energetics of foods used by these species, and possibly other useful 
aspects of their migration ecology.  Previous studies have indicated generally low food densities 
in most spring habitats used by diving and dabbling ducks, but some data indicates that birds 
respond positively to spring-flooding of seasonal wetlands; however, little information exists to 
help managers understand food use and availability in spring-flooded wetlands, especially in 
agricultural fields (Straub et al. 2012).  
Additionally, recent research has indicated a need for increased banding data during 
multiple seasons of the year to improve the reliability of current survival estimates, especially 
during non-breeding periods (Koons et al. 2006).  Band returns establish linkages between 
migration stopover locations and other critical areas used during the annual cycle; however, 
lesser scaup (Aythya affinis) have been typically underrepresented in banding efforts and 
additional banding data is critically needed (Austin et al. 2000).  As the Illinois River is a major 
autumn and spring migration stopover location for ducks traveling to the Great Lakes and the 
Prairie Pothole Region, additional banding data is needed to assess the relative importance of this 
region and compare with the Mississippi River using banding data from concurrent studies.  
Methods 
Our study area for the telemetry portion of the project encompassed the La Grange Pool, 
Illinois River extending from Pekin (River Mile 160), IL, to the La Grange Lock and Dam (River 
Mile 80) near Meredosia, IL.  This area of the Illinois River floodplain included portions of 
Peoria, Tazewell, Fulton, Mason, Schuyler, Brown, and Cass counties.  Additionally, we 
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monitored telemetered birds in tributary streams, wetlands, and strip-mined lands outside of the 
Illinois River floodplain in these counties as necessary.  We also experimentally collected 
GWTE in the confluence region of the Illinois and Mississippi rivers in Calhoun and Jersey 
counties, IL and at the Swan Lake Duck Club in Putnam County, IL. 
We used rocket nets and swim-in traps baited with corn to capture GWTE and GADW 
during spring migration (Sykes et al. 1990, Johnson et al. 1991, Anich et al. 2009).  We attached 
a standard aluminum leg band and a prong and suture, VHF transmitter (6-7 gram; <3% of body 
mass) equipped with a mortality switch to individual birds (Mauser and Jarvis 1991, Pietz et al. 
1995).  We staggered capture and radio-marking of individuals throughout the spring migration 
period.  
We used standard radio-telemetry techniques to track GWTE and GADW to determine 
diurnal (½ hr after sunrise to ½ hr before sunset) and nocturnal (½ hr after sunset to ½ hr before 
sunrise) habitat use.  Birds were located by ground crews using triangulation techniques with 
vehicle-mounted null-array antenna systems and hand-held antennas (Davis et al. 2009).  We 
determined locations of ducks using Program LOAS 4.0.3.8, which partially automated telemetry 
locations using a global positioning system and digital compass.  Tracking crews practiced 
triangulations until azimuth standard deviation was <3°.  We aerially searched for birds not 
found via ground tracking approximately weekly.  When birds were located from the air, ground 
crews were dispatched to that area for location and triangulation.  We rotated tracking schedules 
so that a minimum of half of our telemetered birds were triangulated during each diurnal and 
nocturnal tracking period.  For example, a transmittered duck found during the diurnal period of 
Day 1 would subsequently be located during the nocturnal period of Day 2, and then this bird 
would again be triangulated diurnally on Day 3 and so on.  During each triangulation, we 
verified status (i.e., alive or dead).  We calculated consecutive day roost to night roost (Day-
Night) and night roost to day roost (Night-Day) movement distances from daily location data 
using the Pythagorean Theorem.  We calculated home range size (95% Minimum Convex 
Polygons [MCP]) for birds that remained in the study area ≥ 3 days using the Minimum 
Bounding Geometry Tool in ArcToolBox ArcMAP 10.3.1.  We used separate general linear 
models in SAS (Proc GLM) to compare home range sizes between age groups and sexes of 
marked ducks.  For stopover estimation, we assumed an individual had emigrated from the study 
area if we failed to locate them via ground or aerial searches.  We determined apparent stopover 
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duration for each species during springs 2016–2018.  We estimated total stopover duration using 
encounter sampling through Program DISTANCE (Otis et al. 1993, Lehnen and Krementz 2005, 
Hagy et al. 2014, Williams et al. 2019) during springs 2016–2018.  We calculated apparent 
survival of each species and estimated survival of spring migrating GWTE and GADW using the 
known fate model in Program MARK (White and Burnham 1999, White et al. 2006).  We used 
Akaike’s Information Criterion to evaluate models containing effects of age, sex, body condition 
(Devries et al. 2008, Arsnoe et al. 2011), and home range on survival during the 10-wk spring 
stopover period.  
Results 
We satisfied Objectives 2–3 of Study 154 by employing a graduate student, Samuel 
Klimas, at Western Illinois University (WIU) in Macomb, IL.  Klimas successfully defended and 
submitted his thesis to the graduate school at WIU in fall 2019 (Appendix 3).  Herein we present 
a summary extracted from the thesis. 
Summary:  The Illinois River Valley (IRV) is an important region for non-
breeding waterfowl, especially during spring as migrating individuals replenish 
vital nutrients to complete migration and initiate nesting.  Identification and 
management of preferred foods helps ensure adequate body condition of spring-
migrating waterfowl which may benefit survival and subsequent nest success.  
Green-winged teal (Anas crecca) specialize on natural plant and animal foods in 
shallow wetlands which may be limiting during spring migration.  To identify 
food selection, I experimentally collected teal and quantified food use and 
availability in wetlands in the IRV during February–April 2016–2018.  I removed, 
dried, and weighed (± 0.1 mg) food items by taxa from the upper digestive tract 
(proventriculus and esophagus) of birds and core samples for comparison of use 
and availability.  Additionally, I evaluated retention of common diet items 
between small (#60; 250 µm) and medium (#30; 500 µm) sieves and their effects 
on selection calculations.  Seeds of moist-soil vegetation occurred in all teal diets, 
while invertebrates and vegetative material occurred in 67.4% and 25.8% of 
diets, respectively.  On average, teal consumed 85.8% (CI95 = 81.2–90.3%) plant 
material and 14.2% (CI95 = 9.6–18.7%) invertebrates based on aggregate dry 
biomass.  I failed to find support for selection of either plant or animal foods in 
general (t138 = -1.35, P = 0.18), but teal selected Cyperus spp., Ammannia spp., 
Leptochloa spp., and Potamogeton spp. and avoided Amaranthus spp., Ipomoea 
spp., Echinochloa spp., and Oligochaeta individual taxa.  I failed to find a 
difference in selection ratios between sexes (Wilks’ λ = 0.95, F1,131 = 0.53, P = 
0.831).  Additionally, I found little difference in the rank and selection intensity of 
food items with differing availability calculations based off seeds retained in 
small and medium sized sieves.  Teal require a variety of early successional plant 
seeds and associated invertebrates which can be promoted by active moist-soil 
management at spring stopover locations.  Managers should ensure shallowly 
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flooded wetlands with desirable taxa (e.g., Cyperus spp., Ammannia spp., 
Leptochloa spp.) are available to provide food for teal by maintaining actively-
managed moist-soil wetlands that are made available during spring migration. 
To satisfy Objective 1, we evaluated spring stopover ecology of GWTE and GADW in 
the IRV.  We radiomarked 294 spring-migrating dabbling ducks (n = 209 GWTE, n = 85 
GADW) during 2016–2018.  We censored nine ducks from analyses due to capture myopathy (n 
= 7) and immediate departure from the study area (n = 2; never located upon release).  Daily 
movement distances were greater for GADW (x̄ = 4,261.6 ± 290.0 m) than GWTE (x̄ = 3,999.8 ± 
178.0); however, we found no significant differences between the two species (F1,263 = 0.03, P = 
0.864).  We combined the two species to examine a sex effect.  Males (x̄ = 4,370.3 ± 211.3 m) 
moved further (17.6%, F1,263 = 5.04, P = 0.026) than females (x̄ = 3,715.6 ± 213.4 m) from 
daytime locations to night roosts.  Although there were no differences in daily movement 
distances between the species, GADW (x̄ = 3,403.4 ± 410.8 ha) home ranges were 45.0% larger 
(F1,273 = 5.44, P = 0.020) than GWTE (x̄ = 2,347.9 ± 225.0 ha).  A variety of habitats and 
vegetation types were used daily by spring migrating dabbling ducks including wooded 
wetlands, strip-mined lakes, mudflats, emergent marsh, open water and agriculture.  However, 
emergent marsh (especially persistent cattail (Typha spp.) was used extensively during nocturnal 
periods.   
Our naïve estimates of spring stopover were shorter for GWTE (2016, 9 days; 2017, 19 
days; and 2018, 25 days) than GADW (2016, 15 days; 2017, 21 days; and 2018, 33 days) each 
spring.  We estimated stopover duration during spring in the IRV by interpreting the estimated 
strip width generated in Program Distance.  Our best model set for GWTE was obtained using 
the Half Normal Key Function with a simple polynomial adjustment post stratified by year.  
GWTE stayed 13.9 days (13.2% CV) in 2016, 28.6 days (10.3% CV) in 2017, and 42.4 days 
(12.5% CV) in spring 2018.  Our best model for GADW was the Uniform Key Function with a 
simple polynomial adjustment post stratified by year.  Spring stopover for GADW was slightly 
greater than GWTE each spring when we estimated GADW stopover duration at 20.7 days (CV 
= 27.7%) in 2016, 30.5 days (CV = 20.7%) in 2017, and 57.0 days (CV = 0.0%) in 2018.  
Coincidentally, the last day of departure or radio failure for radio-marked dabbling ducks in the 
IRV was April 21, 2016; April 17, 2017; and May 19, 2018.     
We created an encounter dataset for survival analyses of GWTE (n = 203) and GADW (n 
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= 82).  Naïve estimates of GADW survival were 98.8% with only one GADW perishing during 
spring stopover in the IRV.  Naïve estimates of GWTE survival was 96.6% with seven 
individuals perishing during spring stopover.  We modeled survival of migrating dabbling ducks 
using the Cox Proportional Hazard Regression.  Because of the exceptionally great survival of 
GADW during spring stopover in the IRV, we combined the two species for survival analyses.  
The only explanatory variable with a cumulative weight exceeding 0.5 in the model sets was Sex 
(wi = 0.623); indicating female survival (97.3%, CI95 = 93.9–100.0%) was greater than male 
survival (87.0%, CI95 = 74.5–98.4%) during spring in the IRV.   
Discussion 
Spring-migrating dabblers stopping over in the IRV were mobile with movements of ≥ 4 
km between diurnal foraging areas and nocturnal roosts.  These movements equated to home 
range sizes of 23 km2 for GWTE and 34 km2 for GADW.  Spring-migrating mallards along the 
Wabash River in southeastern Illinois had day to day movements of 1.7 km, while green-winged 
teal in this region averaged 0.8 km (Williams et al. 2019).  In comparison, mallards (Anas 
platyrhynchos) in the IRV had similar day to day movement distances of 2.8 km in autumn; 
however, mallard home range size (213 km2) during autumn were an order of magnitude larger 
than GWTE and GADW during spring (Yetter et al. 2018).  Daily movements (2.5 km) of 
wintering female mallards in the Lower Mississippi Alluvial Valley were less than spring 
dabbling ducks in the IRV (Davis and Afton 2010).  Wintering mallards in France had home 
range sizes ≤1,257 ha (Legagneux et al. 2009).   
We observed longer naïve stopover duration estimates during springs 2016–2018 than we 
had anticipated (GWTE, 9–25 days; GADW, 15–33 days).  Williams et al. (2019) observed naïve 
estimates for GWTE during spring stopover in the Wabash River Region of Illinois of 9.5 days 
during 2016–2017.  Similarly, they witnessed naïve stopover for mallards at 9.9 days during the 
same period (Williams et al. 2019).  Our stopover estimates became much longer when we 
modeled them with Program Distance to estimate the period ducks were present prior to capture.  
Total stopover duration for GWTE was 2–6 weeks during springs 2016–2018.  GADW stopover 
was even longer ranging from 3–8 weeks during spring in the IRV.  Spring migrating mallards 
and teal experienced a total spring stopover of 2.4 weeks (17 days) along the Wabash River, 
which was similar to some of our yearly estimates for GADW and GWTE in the IRV; however, 
our estimates in 2018 were 2.5 to 3.4 times longer for GWTE and GADW, respectively, than that 
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observed by Williams et al. (2019).  Dabbling duck stopover in the IRV was considerably longer 
than that observed from mallards (~12 days) moving from Arkansas to the Prairie Pothole 
Region during spring (Krementz et al. 2011).  Even shorter spring stopovers were reported for 
northern pintails (Anas acuta) staging (6.8 days) in Nebraska (Pearse et al. 2011).  For 
comparison, Hagy et al. (2014) determined stopover duration of mallards during autumn in the 
IRV was 62.4 days.  However, Bellrose et al. (1979) concluded a 22.5-day stopover for mallards 
in autumn, while O’Neal et al. (2012) estimated stopover at 28 days for autumn-migrating 
dabbling ducks in the IRV using Doppler radar.  Stopover duration at migratory locations by 
ducks is likely dependent upon many factors during spring and autumn such as chronology, 
weather, refugia, food resources, wetland habitat quality, body condition, and hunting pressure.        
Dabbling duck survival during spring migration was great in the absence of hunting 
pressure.  Indeed, we documented few mortality events of GADW and GWTE during springs 
2016–2018.  When combined across species, we estimated spring-survival in the IRV at 97.3% 
for females and 87.0% for males.  Likewise, no mortality events occurred in a study of mallards 
and GWTE in the Wabash River Region of Illinois during springs, 2016–2017 (Williams 2018).  
And, Dugger et al. (1994) observed no mortalities of female mallards during late winter (i.e., 
post-hunting season, ?̂?𝑆 = 0.99) in Arkansas.   
Publications 
We published a manuscript in the Canadian Journal of Zoology on body condition of 
spring-migrating GWTE (Appendix 4).  To satisfy Objective 5, we prepared and submitted a 
popular article to Kathy Andrews for publication in the Illinois Audubon Magazine (Appendix 
5). 
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STUDY 155:  IDENTIFYING MOTIVATIONS AND IMPEDIMENTS TO SANCTUARY 




We will investigate the current management of waterfowl sanctuaries on public lands in 
Illinois and identify the motivations or impediments to their management for production of 
energetic resources.  Moreover, we will correlate food density with autumn and winter duck 
abundance and hunter harvest on a minimum of 10 state-managed areas in Illinois.  Specifically, 
we will: 
 
1) Identify major waterfowl sanctuaries on public lands in the state of Illinois, 
2)  Determine the proportion of identified waterfowl sanctuaries that actively manage water 
levels to promote the production of early successional vegetation as a food source for 
migrating waterfowl, 
3)  Develop and distribute an electronic survey to sanctuary managers aimed at identifying 
the motivations and/or impediments to actively managing water levels to promote the 
growth of early successional vegetation, 
4) Use rapid assessment techniques to evaluate autumn food availability at a minimum of 
10 state-managed sanctuaries along the Illinois and Mississippi rivers, 
5) Investigate the relationship between autumn food abundance on waterfowl sanctuaries 
and cumulative duck use through winter,  
6) Investigate the relationship between food abundance on waterfowl sanctuaries and 
hunter harvest (ducks/hunter/day) at adjacent state-managed public hunting areas, and 
7) Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral 
presentations, technical reports, peer-reviewed publications, and other means. 
Introduction 
Unified conservation of non-breeding waterfowl under the North American Waterfowl 
Management Plan (NAWMP) is founded on the premise that survival and/or subsequent 
productivity is limited by food availability or accessibility.  Accordingly, a consortium of state, 
federal, and private agencies, known as Joint Ventures, step-down continental population 
objectives to regional, state, and site-specific habitat goals in an effort to provide sufficient 
resources for target waterfowl populations.  However, understanding waterfowl ecology in 
relation to disturbance and the role of sanctuaries in landscape design is also a key component to 
evaluating more fundamental assumptions underlying habitat conservation planning for 
wintering waterfowl. 
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Growing research suggests anthropogenic activities, including hunting, prevent waterfowl 
from accessing resources, increase flight duration, and otherwise increase energetic expenditure 
and forage requirements (Korschgen and Dahlgren 1992, Cox and Afton 1997, Dooley et al. 
2010).  Consequently, waterfowl that repeatedly encounter anthropogenic disturbance and fail to 
meet daily energy requirements experience reduced survival or abandon sites in search of more 
gainful resources.  Spatial sanctuaries have proven to mitigate anthropogenic disturbance and 
increase waterfowl density in surrounding landscapes (Madsen 1998).  Because disturbance free 
sanctuaries predominantly occur on public lands, provision of sanctuaries may decrease the area 
available for hunting; however, hunting opportunities typically benefit from the increased 
abundance of waterfowl in the surrounding landscape (Madsen et al. 1998). 
At a minimum, a waterfowl sanctuary is defined as a habitat used by waterfowl that is 
mostly free from anthropogenic disturbance that allows waterfowl to complete certain daily 
activities without added energetic expenditure from increased flight time or vigilance.  In this 
context, sanctuary solely reduces energy expenditure to a level that makes it energetically 
profitable to remain in the region, and waterfowl must disperse from sanctuary to gain energetic 
resources.  Accordingly, many waterfowl alter circadian patterns to access resources during 
nocturnal or other periods when the risk of anthropogenic disturbance is reduced (Thornburg 
1973; Madsen and Fox 1995; Cox and Afton 1997; Roy et al. 2013, 2014; Lancaster et al. 2015).  
At its zenith, sanctuary provides sufficient energetic resources to meet daily energy requirements 
in addition to reducing energetic expenditure.  Naturally, sanctuaries that provide this greater 
diversity of resources are typically used by a greater number of individuals and those individuals 
remain in the area for a longer duration until resources become scarce (Fox and Madsen 1997).  
Moreover, even after energetic resources are depleted on this type of sanctuary, the sanctuary 
still functions as previously described and will continue to support birds if the surrounding 
landscape provides sufficient energetic resources. 
Bellrose (1954) contended that the minimum provision of safe space is appropriate at 
latitudes of migratory stopover, like Illinois, whereas increased resources are necessary at 
terminal wintering sites.  He substantiated this claim by referencing that all energetic resources 
needed by waterfowl in Illinois are available within 40 km, the typical maximum daily flight 
distance, surrounding sanctuaries, mainly agricultural fields (Bellrose 1954).  However, the 
efficiency of modern agronomic equipment and earlier harvest dates result in a fraction of waste-
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grain available to autumn migrating waterfowl than were available decades ago (Foster et al.  
2010).  Additionally, many waterfowl species do not utilize dry agricultural fields and are reliant 
on wetland-based food resources.  Lastly, many waterfowl species have or continue to expand 
their wintering range to include more northerly latitudes (Guillemain et al. 2015).  This 
expansion may increase the energetic requirements of ducks at latitudes of Illinois, thereby 
reducing the availability of resources to other waterfowl reliant on the region during spring 
migrating (Crick 2004, Schummer et al. 2010). 
Despite evidence that managing for energetic resources in sanctuaries benefits waterfowl 
and waterfowl hunters, many land managers continue to passively manage or forego 
management of existing sanctuary habitats in Illinois.  We hypothesized there are several 
motivations or impediments for not maximizing energetic capacity of sanctuaries: 1) deficiencies 
in current infrastructure that inhibit the manipulation of water levels needed to promote early 
successional vegetation, 2) social pressures from hunters or surrounding landowners that 
perceive sanctuary as negatively impacting their hunting experiences, 3) personal philosophy that 
sanctuary does not require food, or 4) sites are managed for alternative uses that contradict their 
management for food production.  In many instances, a combination of these or other 
motivations may explain why sanctuaries are unmanaged.  Regardless, identifying these sources 
is important to effective management.  Deficiencies in infrastructure can be ameliorated by 
focusing resources on infrastructure improvements, and social pressures or personal philosophies 
provide an opportunity for targeted research to investigate truthfulness of claims and presentation 
of facts regarding the role of sanctuaries and their impact on waterfowl ecology.  We 
investigated the motivations and/or impediments to managing sanctuary habitats as food 
producing habitats in Illinois by surveying site superintendents of state-managed areas open to 
waterfowl hunting (Appendix 4).  In addition, we collected data on food availability at state-
managed sanctuaries in Illinois using rapid assessment techniques (Naylor et al. 2005) and 
determined if there was a connection between food density and duck use and duck harvest 
(ducks/hunter/day).  This research is an important precursor to evaluating the impact of sanctuary 
management on the ecology of waterfowl. 
Methods  
Food availability, aerial survey, and hunter harvest 
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During Year 2 of this study, we reviewed hunter fact sheets from the 2017–2018 
waterfowl hunting season and selected all 38 state managed areas that supported >100 waterfowl 
hunter-use days.  We further refined our selection to 13 areas from those that contained 
designated waterfowl sanctuary (28) and were within a reasonable distance of current aerial 
survey paths.  We selected 13 accessible sites in year 2 and attempted to visit those same areas 
during 11–17 October 2019.  However, due to flooding during October, 4 of these locations were 
unable to be surveyed until late November.  Prior to surveying sites, we quantified the wetland 
areas designated as sanctuary and digitized the boundaries in a geographic information system 
(GIS).  We traveled to each wetland and conducted a rapid assessment of seed-producing 
vegetation and quantified the energy density (energetic use days [EUD]/ha) using published 
equations (Naylor et al. 2005, Stafford et al. 2011).  We did not encounter unharvested corn (Zea 
mays) or Japanese millet (Echinochloa esculenta) at sites during 2019, perhaps due to flooding, 
and thus analyzed only areas with moist-soil vegetation.  We used bioenergetic equations to 
summate energetic carrying capacity of the total sanctuary area at each state-managed site. 
In conjunction with aerial surveys conducted by INHS, we quantified the abundance of 
waterfowl by species at sanctuaries approximately weekly.  We extrapolated aerial estimates to 
cumulative autumn/winter estimates by interpolating waterfowl use on days in-between surveys 
as the mean of the previous and subsequent aerial count (Stafford et al. 2007).  We summarized 
winter counts across all duck species, all waterfowl species, and all non-waterfowl waterbird 
species for analysis.  We acquired hunter harvest data for each state-managed area from IDNR. 
Statistical Analyses 
Because we collected data from few sites, we limited our analyses to exploratory linear 
models including single covariates at a time.  We developed several linear models with the 
estimated cumulative winter use days (ducks, waterfowl, or non-waterfowl waterbirds) and 
harvest rate (birds/hunter/day) as dependent variables.  In models of cumulative winter use days, 
we included independent variables sanctuary food availability, sanctuary size, number of hunter 
trips, food density (kg/ha), and a null model.  Sanctuary food availability estimated with the 
Stafford et al. (2011) equation and the Naylor et al. (2005) equations were highly correlated (r = 
0.99) so we chose the Stafford equation since it has been shown to provide reliable estimates in 
Illinois.  For the harvest rate model set, we used independent variables sanctuary food 
availability, sanctuary size, number of hunter trips, and cumulative duck use in sanctuary.  We 
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examined Akaike’s Information Criterion adjusted for small samples size (AICc) among similar 
models to select the best fit model.  We report means (±1 SE) for summary statistics. 
Results 
Food availability, aerial survey, and hunter harvest 
We conducted 10 aerial surveys for waterbirds approximately weekly between 24 
October 2019 and 23 December 2019 at sanctuaries of 13 state-managed areas (see Study 151 
above).  Cumulative duck, waterfowl, and non-waterfowl waterbird use days averaged 294,425 
(± 142,654), 308,963 (± 143,084), and 9,062 (± 3,557) respectively.  We conducted rapid 
assessments at the sanctuaries of 8 state managed areas.  We were unable to conduct rapid 
assessment surveys at 4 areas along the Mississippi River due to extensive overbank flooding 
that persisted throughout the autumn period.  Rather than assume zero food availability, we 
chose to exclude these sites from further analyses.  Total estimated energetic use days (EUDs) in 
waterfowl sanctuaries ranged from 23,466–1,015,122 (x̄ = 287,736 ± 103,833).  On average, 
energy density (EUD/ha) from moist-soil seeds (x̄ = 502 ± 71; range 271 – 963) was lower than 
overall IDNR site estimates between 2005–2007 (Stafford et al. [2011]; x̄ = 691 ± 56.4).  We did 
not observe unharvested corn or Japanese millet on any state waterfowl refuge.  Waterfowl 
harvest during the 60-day duck hunting season at the 8 management areas ranged from 0.37 to 
1.99 birds/hunter/day (x̄ = 1.01 ± 0.18).  Mean number of hunter-trips recorded at the 8 sights 
was 2,230 (± 448; range 189–6,218). 
The best supported model (wi = 0.99; Table 6) for harvest rate included duck abundance 
in sanctuaries.  This model suggested that harvest rate was approximately 0.98 ducks/hunter/trip 
and that for each 10,000 ducks/ha increase on sanctuaries, harvest in adjacent publicly hunting 
areas increased by 0.11 ducks/hunter/trip (Fig. 12).  The best supported models for cumulative 
duck, waterfowl, and non-waterfowl waterbird use days were the null or intercept only models 
(wi = 0.64, 0.65, 0.68; Tables 7–9, respectively). 
Discussion 
Our data provided evidence that as waterfowl density increased on state-managed 
sanctuaries, harvest rate on adjacent hunted areas also increased. Stafford et.al (2010) reported 
similar trends when increased localized populations in food-dense areas throughout the IRV 
increased hunter harvest in surrounding wetlands.  However, contrary to 2018, we did not 
observe a relationship between food availability and duck abundance in sanctuaries.  The IRV 
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suffered a significant flood during October/November 2019, degrading food resources in many 
state-managed wetlands.  Any effect of food availability on waterfowl abundance in sanctuaries 
may have been masked by the overall sparse food availability throughout flooded areas in the 
IRV.  Bellrose (1954) contended that the functional role of refuges was to serve as resting areas 
to reduce energy expenditure rather than serving as a place to replenish energetic stores.  Results 
from 2019 suggest that, regardless of the functional role of sanctuaries, increased duck 
abundance on those areas correlated with increased harvest opportunities for hunters in 
surrounding wetlands.  Our research will continue in 2020–2021 to collect data and improve the 
strength of our observations.  However, future surveys will be needed to identify the underlying 
causes of these correlative relationships. 
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Table 6.  Model selection results from linear models estimating waterfowl harvest on public 
hunting areas adjacent to sanctuaries at state-managed areas in the Illinois River Valley of 
Illinois 24 October 2019 to 23 December 2019.  Included are the number of parameters (K), 
Akaike’s Information Criterion adjusted for small sample size (AICc), difference in AICc from 
the best supported model (ΔAICc), and relative model weight (wi). 
 
Model K AICc ΔAICc wi 
Sanctuary Duck Use Days 3 7.36 0 0.99 
Null 2 17.21 9.85 0.01 
Sanctuary Size 3 20.5 13.14 0 
Sanctuary Food Availabilitya 3 20.94 13.58 0 
Hunter Trips 3 21.13 13.77 0 





Table 7.  Model selection results from linear models estimating cumulative duck use days on 
sanctuaries at state-managed areas in the Illinois River Valley of Illinois 24 October 2019 to 23 
December 2019.  Included are the number of parameters (K), Akaike’s Information Criterion 
adjusted for small sample size (AICc), difference in AICc from the best supported model 
(ΔAICc), and relative model weight (wi). 
 
Model K AICc ΔAICc wi 
Null 2 263.88 0 0.64 
Sanctuary Size 3 267.16 3.28 0.12 
Sanctuary Food Availabilitya 3 267.34 3.46 0.11 
Food Density (EUD/ha) 3 268.63 4.75 0.06 
Hunter Trips 3 268.65 4.77 0.06 




Table 8.  Model selection results from linear models estimating cumulative waterfowl use days 
on sanctuaries at state-managed areas in the Illinois River Valley of Illinois 24 October 2019 to 
23 December 2019.  Included are the number of parameters (K), Akaike’s Information Criterion 
adjusted for small sample size (AICc), difference in AICc from the best supported model 
(ΔAICc), and relative model weight (wi). 
 
Model K AICc ΔAICc wi 
Null 2 263.93 0 0.65 
Sanctuary Size 3 267.29 3.36 0.12 
Sanctuary Food Availabilitya 3 267.43 3.5 0.11 
Hunter Trips 3 268.69 4.76 0.06 
Food Density (EUD/ha) 3 268.69 4.76 0.06 





Table 9.  Model selection results from linear models estimating cumulative non-waterfowl 
waterbird use days on sanctuaries at state-managed areas in the Illinois River Valley of Illinois 
24 October 2019 to 23 December 2019.  Included are the number of parameters (K), Akaike’s 
Information Criterion adjusted for small sample size (AICc), difference in AICc from the best 
supported model (ΔAICc), and relative model weight (wi). 
 
Model K AICc ΔAICc wi 
Null 2 197.44 0 0.68 
Food Density (EUD/ha) 3 200.7 3.26 0.13 
Sanctuary Food Availabilitya 3 202.18 4.47 0.06 
Hunter Trips 3 202.22 4.78 0.06 
Sanctuary Size 3 202.23 4.8 0.06 










Figure 12.  Model predicted relationship from the best supported model of harvest rate on public 
hunted areas and cumulative duck use days in adjacent sanctuaries on state-management areas in 




STUDY 156:  ECOLOGY OF CANADA GEESE WINTERING IN THE GREATER 




We will investigate the movement ecology of Canada geese wintering in the Greater 
Chicago Metropolitan Area and determine how dangerous conflicts with humans can be better 
managed. Specifically, we will: 
1) Determine daily flight distance, winter home range size, and proportional habitat use 
of a minimum of 10 Canada geese in the GCMA during winter, 
2) Determine factors affecting daily movements and habitat use of a minimum of 10 
Canada geese in the GCMA during winter, 
3) Identify movement patterns of a minimum of 10 Canada geese that pose risks for 
conflict with humans in target areas of the GCMA during winter, 
4) Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral 
presentations, technical reports, peer-reviewed publications, and other means. 
5) A popular article (~500 words and 2 photos) describing the project will be provided 
to Illinois Department of Natural Resources by the grant end date. 
Introduction 
Canada geese are an important game species throughout Illinois and the midwestern 
United States with a harvest of over 1 million estimated in the Mississippi Flyway during 2017.  
This species serves an important ecological role in a range of ecosystems and is associated with 
both positive and negative economic impacts.  Canada goose population ecology is well studied 
in the U.S. and Canada, and this species is intensively managed to regulate sport harvest within 
and among goose subpopulations (Klimstra and Padding 2012).  In the past several decades, the 
Mississippi Valley Population of subarctic-breeding Canada geese, which breeds in the lowlands 
of Hudson Bay, Canada, has remained relatively stable in abundance but appears to have 
changed its wintering range and migration timing (Gates et al. 2001, AGJV 2013). 
Anecdotal information suggests that subarctic-breeding geese are wintering further north 
and movements altered due to changing food and habitat availability on the landscape.  
Concurrently, temperate-nesting (i.e., “resident”) Canada goose populations have increased 
drastically across much of the Midwest (Dolbeer et al. 2014).  During winter, these populations’ 
ranges overlap creating large abundances of geese in some areas (Paine et al. 2003).  This 
relatively recent shift in distribution and importance as a game species makes understanding the 
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movements both in the city in the context of human-wildlife conflict and outside the city in the 
context of exposure to hunting incredibly important.  
 The Greater Chicago Metropolitan Area (GCMA) in northeastern Illinois is potentially the 
core wintering area for both populations.  Geese congregate near electric generation cooling 
lakes, open river channels, navigation waterways, and other isolated areas of open water in 
GCMA (Havera 1999).  During mild winters, the GCMA may be the terminal wintering latitude 
for many temperate-nesting geese breeding in northeastern Illinois, as well as migrating 
subarctic-breeding and temperate-nesting geese from Wisconsin and Ontario.  Geese are likely 
attracted to the GCMA because of reduced risk from natural predators, little to no hunting; open 
water throughout winter at aerated ponds, warm-water outflows into waterways, electrical 
generation cooling lakes; and presumably ample food sources due to extensive agriculture and 
waste grain within the region.  Goose abundances may reach significant numbers during winter 
offering opportunities for wildlife recreation (e.g., viewing, hunting), but may also create 
challenges and conflicts that range from inconvenient (e.g., noise, excreta) to extremely 
hazardous (e.g., aircraft strikes).  
 The risk of Canada geese to air operations at Midway International Airport (MDW) during 
winter is immense.  Anecdotal observations suggest winter abundances of Canada geese in urban 
habitats near MDW likely number in the tens-of-thousands.  Bird strikes with aircraft are well 
documented in terms of numbers, species, and economic loss (Dolbeer 2006, Dolbeer and Wright 
2009, FAA 2016), but very limited information exists on factors influence movements of geese 
in the vicinity of airports.  Wildlife managers use habitat management, lethal removal to reduce 
population sizes, and/or harassment on and near airports to reduce the risk of bird strikes. 
 Management of nuisance goose abundances through lethal means (i.e. hunting and 
euthanasia) are the most effective techniques to reduce goose abundances in a region at 
meaningful time scales but are not possible or popular in urban areas.  However, geese that 
remain in the safety of urban areas throughout winter may be exposed to harvest during molt 
migrations.  Molt migration by temperate-nesting Canada geese is the northward movement to 
the Arctic and Subarctic by failed breeders and non-breeding geese.  Molt migration is common 
in Canada geese nesting in the Upper Midwest (Coluccy 2001, Luukkonen et al. 2008) and has 
been documented previously in Illinois (Lawrence et al. 1998).  Exposure to harvest during 
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southward molt migration may influence demographic rates.  However, the factors influencing 
propensity to undergo molt migration are still poorly understood.   
 We will investigate wintering ecology, movements in relation to MDW, breeding origins, 
and migratory movements of Canada geese wintering in the GCMA.  By understanding the 
movements of geese near airports, we can provide information on where and when geese might 
be in the path of aircraft and better understand why geese cross commercial airspace.  We will 
quantify daily movement distances, distribution, and habitat use of urban and rural wintering 
Canada geese.  We will determine breeding origins and nest sites of Canada geese that 
overwinter in the GCMA to improve understanding of where nuisance goose abundances in 
winter originate.  Lastly, we will quantify the distribution and timing of geese wintering in the 
GCMA to improve our understanding of how hunting in more northern areas influences these 
abundances.  Results of this research will provide a better understanding of factors influencing 
how geese use the GCMA, source populations of geese using areas of interest, and how wildlife 
and habitat managers can manage geese to increase wildlife related recreation and dissuade geese 
from using areas to avoid dangerous conflicts. 
Methods 
Study Area 
 Our study area incorporates the GCMA including portions of Cook, DuPage, Kane, 
Kendall, and Will counties.  The GCMA is heavily urbanized but transitions to a suburban-rural 
gradient in outlying suburbs.  The GCMA averages 43 days annually below freezing, with 7 days 
below -18 °C and averages approximately 93 cm of snowfall annually.  The GCMA has an 
estimated temperate-nesting Canada goose population exceeding 30,000 individuals (Paine et al. 
2003) and a human population of 9.4 million, including the city of Chicago and surrounding 
suburbs. 
Field Methods 
 We deployed additional GPS-GSM transmitters in both rural and urban areas between 
October 2018 – May 2019.  During fall/winter of 2018, we captured geese in urban areas around 
Midway as well as more rural portions of Kane and Cook counties (n = 14; Fig. 13) and nesting 
females in several parts of the GCMA during spring 2019 (n = 22; Fig. 14).  Data from these 
transmitters augment transmitters deployed from November 2014 – April 2018 (n = 74).  We 
focused capture efforts at sites nearby MDW (41º47'6.5"N, 87º45'6"W) such as large parks, 
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cemeteries, and the Stickney Water Reclamation Plant because of their available habitat and 
increased risk of goose-aircraft collisions when Canada geese concentrated at these locations 
throughout the fall and winter months.  We used animal net guns (Wildlife Capture Services, 
Flagstaff, Arizona, USA) for most captures.  After we captured a goose, we determined sex using 
cloacal inversion, age using feather characteristics, and recorded morphological measurements 
(i.e., mass, skull length, culmen length, tarsus length; Moser and Rolley 1990, Moser et al. 
1991).  An aluminum leg band and a GPS transmitter affixed to a neck collar was placed on each 
goose prior to release (Castelli and Trost 1996, Coluccy et al. 2002, Caswell et al. 2012).  
Transmitters included solar-powered GPS units from Cellular Tracking Technologies in 
Somerset, Pennsylvania, USA, and operated on the Global System for Mobile communications 
network and were configured to acquire a GPS location once per hour.  Transmitters were < 2% 
of the body mass of Canada geese (x̅ = 4,713 grams, SE =10.6), and all Canada geese were 
captured and handled using the approved methods detailed by the University of Illinois 
Institutional Animal Care and Use Committee (Protocols # 14155, 17037, and 20039). 
Movements and habitat use of urban versus rural 
 We quantified daily movement distance of geese by calculating the Euclidean distance 
between sequential points.  We used generalized linear mixed effects models to compare 
differences in movement distances between geese in different portions of Chicago (i.e. suburban 
and urban) and the effects of weather on each group.  We are continuing to work modeling the 
effects of region, time of year, and weather on utilization distributions (home ranges) of all geese 
using autocorrelated kernel density estimates (package ctmm, Calabrese et al. 2018).  These 
analyses are incomplete currently.  Lastly, we quantified proportional habitat use from 1 
September to 31 March, 2016–2020.  Habitat layers were derived from the National Landcover 
Database and the National Agricultural Statistics Service’s Cropland Data layer that provides 30 
m resolution of agricultural crop types.  We used generalized linear mixed effects models to 
model the effects of region and temperature on habitat use of urban and suburban wintering 
geese.   
Southward departure  
 We quantified southward departure from the GCMA during winter in order to examine 
factors influencing southward departure and exposure to hunting.  We determined mean dates of 
departure and modeled the distribution of transmittered geese that departed the GCMA using 
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Kernel Density Estimates.  Location data was used to visually assess nest attempts by identifying 
periods of reduced movement in March and April that could indicate nest attendance.  We plan 
to improve our ability to identify nests soon by developing a machine-learning algorithm that 
identifies patterns in movement indicating nesting or non-nesting movement behavior.   
Airspace intersection 
 We have previously quantified risk to air traffic, (see Askren et al.  2019) but provide an 
abbreviated description of that research here.  We examined movements in relation to MDW by 
quantifying intersections of transitional movements with important air space during winter from 
1 November 2015  to 28 February 2016.  We examined all instances of transitional movements 
that occurred within the GCMA.  We classified transitional movements based on habitat types, 
start and end, associated with each movement.  We classified habitats as green space, water, 
rooftop, railyard, or miscellaneous using available aerial imagery and ancillary information 
(Google Earth Pro, Google Inc., Mountain View, CA, USA).  We analyzed intersection of 
movements with a 1.61-km and 3.05-km radius buffers and extensions of runway headings based 
on recommendations for distances from wildlife attractants (i.e. dumps, waterbodies; Cleary and 
Dolbeer 2005).   
 We used ANOVA to examine differences in habitat transitions and proportion of 
intersections by individuals and habitat types (AOV; Program R, R Foundation for Statistical 
Computing, Vienna, Austria).  We modeled the intersection of movements using mixed effect, 
logistic regression modeling (GLMER) in Program R using a suite of biologically plausible 
predictor variables based on existing literature and individual goose ID as a random effect. 
Targeted Harassment 
 To study the effects of harassment in the GCMA, we used data from 55 transmitters on 
Canada geese from 14 November 2015 through 16 November 2018 at parks, cemeteries, housing 
complexes, and water treatment plants within 15 km of MDW (Fig. 13).  Harassment was 
conducted by USDA Wildlife Services employees on a flexible, 5-day a week basis from 1 
December - 28 February, 2017–2019 at Marquette Park, matching a level sustainable in addition 
to Wildlife Services ongoing duties.  Geese were mainly harassed by approaching geese on foot 
or with an all-terrain vehicle and by clapping wooden boards (2x4 inch) together, especially 
when on water.  Harassment occurred until all or most of the flock flushed.  At each harassment 
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event, Wildlife Services personnel recorded time and location of each harassment event in 
addition to tertiary information (i.e. transmitters, # of birds). 
 We used generalized mixed effects models to quantify the effects of weather, harassment, 
city parks, and week of season on aspects of goose movement and behavior at daily and hourly 
time scales.  Dependent variables of movement include departures from major greenspaces (large 
city parks and one cemetery) and total daily movement distances (the sum of the distance 
between all daytime locations).  We assigned locations to land uses and city parks by extracting 
values from spatial shapefiles of city parks and land uses to points (package ‘sp’).  Individual 
transmitters were assigned to city parks each season if > 10% of their locations occurred in any 
one city park.  Those that did not were classified as other.  We quantified departures by 
determining the number of occasions when locations transitioned from within parks to outside 
parks. 
To quantify the effects of harassment and weather on dependent variables of proportional 
habitat use we used linear mixed effects models with predictor variables including temperature, 
snow depth (cm), and exposure to harassment.  We classified each location to a specific land use 
using a habitat layer we digitized using high resolution aerial imagery.  We quantified 
proportional habitat use and modeled the proportion of diurnal time spent in those most used 
(greenspaces, waterways, railyards, and rooftops) by temperature, snow depth, and harassment.  
We tested for correlation between predictor variables and excluded one in a pair with Pearson 
correlation coefficients > 0.70. 
We used on-board accelerometers, which record acceleration in 3 axes for a 3 second 
period (i.e. ACC packet), to classify behaviors associated with each GPS locations (~ 4 per 
locations or hour).  These ACC packets were translated to instantaneous behaviors using field 
observations (Shamoun-Baranes et al. 2012) and machine learning classification.  We recorded ~ 
10 hours of video of transmittered geese and paired direct observations to ACC packets that 
could be unambiguously classified as alert (i.e. vigilance), head tucked (i.e. resting), feeding, and 
in-flight behaviors.  We used a workflow with a boosting algorithm (package ‘XGBoost’) to 
build a classification model to label ACC packets (Shamoun-Baranes et al. 2012, Kölzch et al. 
2016).   
We modeled the effects of exposure to harassment on time budgets of geese during 
daylight hours.  We used generalized linear mixed models with a log link and Gaussian error 
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distribution (package ‘lme4’).  We calculated the daily sum of alert, feeding, resting, in flight 
and other (i.e. unclassifiable) for each transmittered goose using accelerometer data.  Climatic 
variables (average daily temperature, average daily wind speed, daily snow depth) recorded at 
the MDW weather monitoring station (Wunderground, Brookhaven, Geogia).  In addition, we 
quantified a metric of harassment as the number of goose locations in Marquette Park during 
periods of harassment.  We included ID as a random effect to account for differences among 
individuals and scaled continuous response variables to two standard deviations from their means 
(Gelman 2008).   
Molt migration 
 We estimated migratory distribution of geese undergoing molt migrations to the Subarctic 
using dynamic Brownian Bridge Movement Models and timing of movements quantified based 
on geopolitical boundaries.  We described departure from breeding regions as the last ground 
location prior to large scale relocation movements north, away from the breeding regions.  
Likewise, arrival to the molting areas in the Subarctic was defined as first ground location 
following long distance relocation movements.  The inverse was true for southward migration.  
Future research will model the propensity to molt migrate by using generalized linear models to 
examine the effects of degree of urbanization, date of nest failure, age, and landscape attributes 
around the nest site.   
Results 
Urban and rural comparisons 
 We tracked 17 geese marked in suburban areas (n = 21 goose/seasons) yielding 21,472 
locations and 69 geese marked in urban areas (n = 138 goose/seasons) yielding 438,006 locations 
during between 1 September and 31 March, 2016–2020.  Transmittered geese wintering in 
suburban areas were composed of Hudson Bay (n = 4), Illinois (n = 11), Wisconsin breeders (n = 
1), and undetermined (n = 1; died before the subsequent breeding season).  Those wintering in 
urban areas were Illinois (n = 28), Wisconsin (n = 27), Thunder Bay, ON (n = 11), and Hudson 
Bay breeders (n = 3).  The majority of transmittered geese marked in urban areas were located 
within 15 km of MDW, while those marked in suburban areas were mostly located in the western 
suburbs along the Fox River Valley (Fig. 15).  Geese wintering in urban portions of Chicago 
moved less (4.8 km ± 0.06 SE) than geese wintering in suburban areas (6.6 km ± 0.12 SE, t = 
18.9, z < 0.005).  There was a significant interactive effect of region with average daily 
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temperature on daily movement distance with geese wintering in urban areas moving much less 
during warmer days than colder days compared to suburban wintering geese that moved slightly 
more on warmer days than colder days (t = 3.56, p < 0.005).  Inversely, geese in urban areas 
moved at similar rates at greater snow depths while suburban wintering geese reduced movement 
to by approximately 5 km during periods of heavy snow cover.  Geese wintering in suburban 
areas increased daily movement distances from September to the middle part of February before 
decreasing until the end of the study period (Fig. 16).  Those wintering in urban areas exhibited a 
sigmoidal trend with peaks in movement distance in September and the middle of February (Fig. 
16).  Geese located in suburban areas moved more during the morning in September and October 
but switched to majority evening movements November – March while most movements by 
geese in urban areas were in the morning (Fig. 17).   
 Canada geese wintering in urban areas were located in developed areas 53.1% of daylight 
hours (i.e. areas of >25% impervious surfaces), 26.8% in low developed (i.e. urban greenspaces, 
sportsfields), 12.4% on open water (i.e. rivers, canals, ponds), and 7.7% in other habitats (i.e. 
forested, wetlands).  Geese wintering in suburban areas along the urban/rural interface used 
developed areas 36.7% of the time, 18.3% in low developed, 14.5% in open water, 10.9% in corn 
fields, 6.1% in soybean fields, and 13.7% in other habitats.  Geese in suburban areas were 
predicted to use low developed land uses 5% (± 0.02 SE, t = -2.1, p = 0.04) and developed land 
uses 12% less (± 0.04 SE, t = -2.4, p = 0.02) than geese in urban areas, and corn fields 7% more 
(± 0.04, t = 6.7, p < 0.001).  There was no difference in the use in bodies of open water between 
urban and suburban (t = 1.1, p = 0.27).  There was a significant effect of average daily 
temperature on proportion of time spent on water for both urban and suburban (tsuburban = -22.4, 
psuburbam < 0.005, tcity = -50.9, pcity < 0.005), low developed land uses (tsuburban = 13.2, psuburbam < 
0.005, tcity = 56.8, pcity < 0.005), developed land uses (tsuburban = 7.5, psuburbam < 0.005, tcity = 15.5, 
pcity < 0.005), and corn for suburban wintering geese but not urban geese (tsuburban = -8.3, psuburbam 
< 0.005, tcity = 0.5, pcity = 0.63; Fig. 18). 
Southward departure 
 We recorded 32 departures of 153 bird/winters from 2014–2019, an average of 22.3% 
each year.  Average date of departure was 6 January ± 22.3 days, average temperature was -12.5 
C° (± 7.5) and snow depth average 9.4 cm (± 6.6).  Geese that departed the Chicago area 
wintered at 39.5° latitude ± 1.4° (Fig. 19).  We had no transmitters winter portions of southern 
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Illinois that were traditional goose hunting areas.  Instead, the main distribution of geese after 
leaving the GCMA was centered on the Wabash River Valley and former mining areas near 
Paris, IL (Fig.19).  Model results suggest that geese wintering in more rural portions of Chicago 
are around 4 times (x̄ = 65.7%) more likely to move southward than those in highly developed 
areas (x̄ = 17.4%, Fig. 20).  Additionally, geese that bred in previous or subsequent season in 
Hudson Bay were the most likely to leave (x̄ = 60% ± 0.91), followed by Wisconsin breeding 
geese (0.44 ± 0.47), and un-estimable (0%) for Chicago and Thunder Bay, ON breeders. 
Targeted harassment 
We conducted 359 and 268 harassment events in the winter of 2017–2018 and 2018–
2019, respectively.  We tracked 47 individuals, 18 individuals of those were tracked in multiple 
years, resulting in 65 goose/seasons.  We classified 17 as local breeding (Chicago) and 30 as 
non-local breeding (Table 10).  In both 2017–2018 and 2018–2019, 12 geese were harassed, 
resulting in a total of 105 goose/days in 2017–2018 and 123 goose/days in 2018–2019.  We 
recorded a total of 99,919 locations (n = 47) with 44,333 daytime locations.  Of those daytime 
locations, 57.4% (± 17.1) occurred in greenspaces (including 21.1% ± 35.2 in large city parks), 
14.4% (± 14.6) in manmade land uses (including parking lots, industrial areas), and 28.4% 
(±10.6) on waterbodies (e.g., rivers, ponds).  The majority of movements > 3 km occurred 
between sports fields and river/canal habitats followed by railyard and river habitats (Fig. 21). 
The probability that a goose located in any city park would leave that park in a given 
hour was 4.6% (± 0.2, n =13) and geese averaged 0.3 (± 0.8, n =34) departures a day in the 
absence of harassment.  The probability for geese located in Marquette leaving on days when not 
harassed was 5.5% (±0.2) in an hour and 0.5 (± 0.9) times a day.  However, on days when 
harassed, the probability increased to 11.0% (± 0.3) in an hour and 1.0 (± 1.2) times a day.  
Geese that nested locally left any city park at similar rates (0.4 departures/day ± 0.2) to geese 
that bred in other regions (0.3 departures/day ± 0.3, z = -0.74, p = 0.458).  However, local 
nesting geese at Marquette Park were more likely to leave the park (0.9 departures/day ± 0.3) 
than geese from other breeding regions (0.3 departures/day ± 0.2, z = -3.25, p = 0.001).  There 
was an interactive effect of harassment and breeding region with harassment having a stronger 
effect on the number of times local breeding geese left Marquette Park (harassed = 1.7 ± 0.3, not 
harassed = 0.7 ± 0.2), compared to non-local breeders (harassed = 0.9 times ± 0.3, not harassed = 
0.2 ± 0.2; p = 0.002, z = 3.15).  Regardless of harassment, the average number of times a goose 
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left a city park in a day decreased with increasing temperature (z = 6.66, p < 0.005), and 
decreased with increasing snow depth (z = -11.86, p < 0.005).  Harassment did have a significant 
effect on the average number of times a goose left a park in the context of changing temperature 
(z = -2.27, p = 0.023) and snow depth (z = 3.63, p < 0.005).  There was no evidence that 
harassment reduced the use of Marquette Park in the long-term with use similar to other city 
parks (z = -0.10, p = 0.92, Fig. 22).   
The daily movement distance of geese in Marquette Park was greater (5,907.5 m 
±1,336.6 SE, n = 13) than all other geese (4,040.0 m ±667.8 SE, t23.18 = 3.37, p = 0.002).  The 
effects of harassment on movement of Marquette Park geese was not confounded by weather or 
time of year, as there were no differences in movement distance at other parks on the same days, 
but there was a difference in movement distance at Marquette Park on days with and without 
harassment (t = 3.89, p < 0.005), highlighting that harassment causes individuals to move in the 
short terms.  Geese assigned to Marquette Park moved 1.6 times further on days when 
harassment occurred than days that it did not (4,281.8 m ± 0.1 versus 6,433.2 m (± 0.1, t = 8.64, 
p < 0.005).  There was no difference in predicted daily movement distance between local nesting 
geese (3,968.6 m ± 0.1) and geese nesting in other regions (4,269.4 m ± 0.1, p = 0.580).  Daily 
movement distance of geese increased as average daily temperature increased (t = -2.03, p = 
0.043), but was not influenced by snow depth (t = 0.79, p = 0.43).  There was no effect of 
average daily temperature on movement distance of geese that used Marquette Park (t = 0.52, p = 
0.607), but there was a strong effect of snow depth (t = -4.08, p < 0.005).   
Most geese (71.4%) were still located in Marquette in the hour immediately following 
harassment.  Harassment occurred on geese located on sports fields (43.2%), pond (37.2%), park 
(16.0%) and other habitats (3.7%; ex. wetland, lawn).  Geese that left Marquette after harassment 
used commercial rooftops (23.9%), railyards (20.2%), other parks (16.5%), water treatment 
ponds (11.9%, n = 5), and sports fields (11.0%).   
Most geese never moved further south than the Chicago area (65.8%, n = 37).  The 
proportion of geese that departed did not differ between seasons (2017, 6 of 35 goose/seasons; 
2018, 4 of 32; Gadj = 0.27, p = 0.60).  Geese that nested in the Chicago area left at a similar rate 
(3 of 28 goose/seasons, n = 17) as geese form other breeding regions (6 of 44 goose/seasons, n = 
30; Gadj = 0.13, p = 0.72).  There was no difference in the proportion of geese at Marquette Park 
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that migrated south (5 of 19, n = 13), compared to geese in other parts of Chicago (5 of 48, n = 
34; Gadj = 2.33, p = 0.13).   
Overall, geese spent an average of 35.0% (±0.03) of their day feeding, 13.3% (±0.03) 
resting, 32.6% (± 0.03) alert, and 4.8% (± 0.01) in flight, and 14.2% (± 0.02) in other or 
unclassified behaviors.  Compared to geese located in other parks, geese located in Marquette 
spent 2.4% more time in alert (26.5% ± 0.1, z = -3.95, p < 0.005), 4.2% less time feeding (25.8% 
± 0.1, z = 7.069, p < 0.005), 9.6% more time resting (18.6% ± 0.07, z = -18.97, p < 0.005), and 
5.8% less time in flight behaviors (3.8% ± 0.07, z = 15.21, p < 0.005) but did not differ in other 
behaviors (z = 1.30, p = 0.195).  When located in the park, Marquette geese spent 4.7% more 
time in alert (26.8% ± 0.2, z = 6.01, p < 0.005) and 5.0% more time feeding (27.8% ± 0.1, z = -
6.10, p < 0.005), 7.8% more time resting (18.6% ± 0.39, z = 12.08, p < 0.005), 3.3% more time 
in flight (3.7% ± 0.10, z = -8.01, p < 0.005), and 4.9% less time in other behaviors (16.0% ± 0.1, 
z = -6.19, p < 0.005) compared to other greenspaces. 
Average daily temperature had a strong, positive effect on daily proportion of time spent 
feeding (z = 15.65, p < 0.005) and other behaviors (z = 2.57, p = 0.010) and a strong, negative 
effect on alert (z = 11.26, p < 0 .005) and resting (z = -6.06,  p < 0.005) but no effect on flight (z 
= -0.79, p = 0.428; Fig. 23).  Average snow depth had a strong, positive effect on daily 
proportion of time spent in alert (z = 11.26, p < 0 .005) and resting (z = 6.10, p < 0.005) and 
negative effect on feeding (z = -11.42, p < 0.005), flight (z = -9.46, p < 0.005), and a 
nonsignificant effect of other (z = -1.81, p = 0.070; Fig. 23).   
Intersection with important airspace  
 During 16 November 2015 – 28 February 2016, we recorded 3,008 transitional movements 
from 24 transmittered Canada geese with 125.33 ± 15.62 movements per goose.  Of 3,008 
transitional movements recorded, 2,767 (92%) were identified as intersecting one or more focal 
air operation area of MDW (Table 11).  Greater than 75% of intersections stemmed from 
movements associated with greenspace habitats (Table 11).  For runway 13 and 31 extensions, 
greenspace and railyards contributed the highest percentage of the intersecting movements 
(46.9%, x = 187), followed by rooftop and greenspace (28.8%, x = 115; Table 11).  The 
probability of intersection of runway headings 13 and 31 was greatest for movements between 
greenspace and railway and greenspace and rooftop habitats across all months (Fig. 24).  
Movements between railway and miscellaneous followed by greenspace and rooftop, water and 
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rooftop, and greenspace and railway habitats had the highest predicted probabilities for 
intersection of movements with a 3.05-km buffer around MDW (Fig. 24).    
Molt Migration 
 Between 2015 and 2019, we documented 45 incidences of molt migrations by geese 
captured in the Illinois, around 36% of marked geese undertaking such a migration.  This rate is 
likely higher than natural rates as we have begun working with USDA to monitor movements of 
geese following their nest management activities.  Mean northward departure was 29 May (± 1.1 
days) and return to temperate latitudes following southward migration of 17 September (± 2.5 
days; Table 12).  Canada geese marked in Chicago during winter, migrated to the west coast of 
Hudson Bay to molt (n = 44, Fig. 25) except for one that made a shorter distance movement to 
Janesville, WI for the summer after nest failure near DeKalb, IL. 
Discussion 
Urban and rural comparison 
 We examined differences in daily movement and habitat use between urban and rural 
wintering geese to better understand the overwintering strategies of geese in each area.  This 
study found that geese overwintering near MDW were not leaving that area to access energy rich 
waster grain in the surrounding agricultural landscape.  The apparent lack of access to these food 
sources points to a trade-off between safety and forage quality with geese in suburban areas 
likely taking more risk to access corn and other waste grain while urban wintering geese avoid 
risk of predation but are reliant on low quality forage.  Movements of geese wintering urban 
areas move considerably less than those wintering in suburban areas.  Urban geese are likely 
conserving energy by limiting movement distances.   
 Habitat use results presented here are preliminary.  Cropscape data provides important data 
on the availability of corn and other agricultural crops but is limited by its resolution and 
generalized land uses for areas other than agricultural fields.  We have hand digitized a habitat 
layer for urban portions of the study area and have begun doing the same for suburban portions.  
This data, merged with crop data, will provide fine scale resolution to determine what habitat 
geese are utilizing (i.e. parks, rooftops, parking lots). 
Targeted harassment 
 Harassment as a tool to reduce conflicts associated with Canada geese is well studied 
(Smith 1999, Castelli and Sleggs 2000, Nolet et al. 2016).  The results of harassment have been 
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mixed and often determined to be ineffective.  However, there has been limited work on the 
effects of harassment during winter in urban areas, a situation where movement is more 
energetically costly and access to quality forage is limited.  Our initial results are similar to those 
of other harassment studies.  We found effects of harassment on movements and behaviors in the 
short term, but harassment did not accomplish the longer term goal of reducing Canada goose 
use at Marquette Park.  The effectiveness of harassment in urban greenspaces is likely limited 
due to the reduction in use during periods of harsh winter weather when we hypothesized 
disturbance would be the most costly.  Geese respond to these periods by moving to rooftops and 
rivers/canals where they are free of disturbance and may infer some thermal benefits regardless 
of harassment. 
Intersection  
 Previous studies have utilized transmitters to examine avian movements in relation to air 
operations with Canada geese (Rutledge et al. 2015) and vultures (Avery et al. 2011), but habitat 
use and movements likely differ greatly by species and region.  The use of transmitter identified 
specific sites increasing the risk of Canada goose involve bird strikes with air traffic from MDW.  
Studies examining the effectiveness of harassment on urban Canada geese have been mixed 
(Smith et al. 1999, Sherman and Barras 2004, Seamans and Goss 2016).  Several papers have 
suggested the large-scale management of Canada geese within an 8 km buffer of airports would 
be required for effective reduction of bird strike risk (Seamans et al. 2009, Rutledge et al. 2015).  
However, the abundance of suitable habitats for geese near MDW makes management at such a 
large scale difficult.  However, the risk Canada geese pose to air operations is great and 
harassment efforts to reduce goose abundances near airports justified (Seamans et al. 2009) and 
few studies have examined the effects of harassment during winter months (Dorak et al. 2017).  
Rooftop and railyard habitats may provide thermal benefits and act as refuge from harassment 
efforts near airports (Dorak et al. 2017).  We suggest harassment of Canada geese at these sites, 
known to intersect with air operations during winter has the greatest potential to reduce the risk 
of catastrophic bird strikes. 
 We advocate for the use of GPS-equipped transmitters to examine risks of avifauna to 
human health and safety.  Fine-scale movement data derived from transmitters has a myriad of 
applications for guiding wildlife managers.  For instance, we found movements to and from the 
Belt Way Clearing Yard (i.e., rail yard) and nearby rooftops approximately 1.5 km from MDW 
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to greenspaces account for > 75% of transitional movements that intersected runway 13/31 
extensions.  We believe geese are using this rail yard to forage on waste and spilt grain while the 
use of rooftops is likely related to the lack of disturbance there.  Further research should be used 
to examine responses to harassment activities (Rutledge et al. 2015) and exam airspace 
distribution of avifauna in relation to air traffic distribution to better examine bird strike risks 
(Avery et al. 2011).  Additional research is needed to better understand response of Canada geese 
to harassment in urban areas and understand thermoregulatory balance in these areas. 
 We documented a substantial number of potential intersections between Canada geese and 
flight paths around MDW highlighting the risk to human safety and need for management of 
Canada goose in areas outside of the airport boundaries.  Managing wildlife outside of the airport 
should be a focus of managers responsible for mitigating bird strike as Canada geese pose risks 
outside airport boundaries (Dolbeer 2011, Rutledge et al. 2015).  Our use of GPS-GSM 
transmitters in relation to focal areas highlight the risk overwintering Canada geese pose to air 
traffic as they move between near-airport habitats.  This approach produced detailed information 
on factors influencing movements intersecting air operation and guide efforts to reduce the risk 
of bird strikes.   
 Previous studies have utilized transmitters to examine avian movements in relation to air 
operations with Canada geese (Rutledge et al. 2015) and vultures (Avery et al. 2011,), but habitat 
use and movements likely differ greatly by species and region.  The use of transmitter identified 
specific sites increasing the risk of Canada goose involve bird strikes with air traffic from MDW.  
Studies examining the effectiveness of harassment on urban Canada geese have been mixed 
(Smith et al. 1999, Sherman and Barras 2004).  Several papers have suggested the large-scale 
management of Canada geese within an 8 km buffer of airports would be required for effective 
reduction of bird strike risk (Seamans et al. 2009, Rutledge et al. 2015).  However, the 
abundance of suitable habitats for geese near MDW makes management at such a large scale 
difficult.  However, the risk Canada geese pose to air operations is great and harassment efforts 
to reduce goose abundances near airports justified (Seamans et al. 2009) and few studies have 
examined the effects of harassment during winter months (Dorak et al. 2017).  Rooftop and 
railyard habitats may provide thermal benefits and act as refuge from harassment efforts near 
airports (Dorak et al. 2017).  We suggest harassment of Canada geese at these sites, known to 
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intersect with air operations during winter has the greatest potential to reduce the risk of 
catastrophic bird strikes. 
Future Direction 
 We presented early results of daily movements and habitat use from analyses associated 
with differences between urban and suburban wintering Canada geese as well as the effects of 
targeted, winter harassment.  We have previously presented estimates of winter home ranges 
using dynamic Brownian Bridge Movement Models and are working to estimate utilization 
distribution of wintering and molt migrating geese using updated modeling techniques.  Our 
research on risk to air traffic, effects of harassment, and movement differences between urban 
and suburban wintering geese elucidate several factors influencing both movements and risk to 
air traffic.  Our work on molt migration chronology, distribution, and factors influencing the 
propensity to molt migrate continues, but we present early results here.  Lastly, we have been 
happy to work with Outdoor Illinois to publish popular articles on molt migration and southward 
departure from the GCMA.  The project has deployed 124 transmitters and currently have > 30 
transmitters functioning with birds located from Chicago to parts of Hudson Bay.  Accelerometer 
data has been collected, organized, and analyzed in preparation for future work using sensors to 
quantify differences in behaviors and movement between urban and rural wintering geese.  The 
project will examine questions dealing with movements throughout the annual cycle including 
movements associated with the nesting and post-nesting period.  Additionally, we are 
collaborating with Chris Sharp of the Canadian Wildlife Service to examine differences in winter 
migratory behavior between the populations, molt migration, and susceptibility to harvest.  
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Table 10.  Number of goose winters and emigrations to southern wintering areas (n = # of marked individual geese) from the effects of 
targeted winter harassment of Canada geese (Branta canadensis) in the Greater Chicago Metropolitan Area (GCMA), Illinois during 
winters (1 December to 28 February) 2017/2018 and 2018/2019.  
 
Breeding Region  
 












Marquette Park 9 (n = 5) 1 (n = 1) 8 (n = 7) - 18 (n = 13) 5 (n = 4) 
Jackson Park 2 (n = 2) 1 (n = 1) 3 (n = 2) - 6 (n = 5) 0 (n = 0) 
Resurrection Park 7 (n = 4) 1 (n = 1) 4 (n = 3) 2 (n = 2) 14 (n = 10) 1 (n = 1) 
Washington Park 2 (n = 2) 1 (n = 1) 4 (n = 3) - 7 (n = 6) 0 (n = 0) 
Other 8 (n = 4) 6 (n = 4) 6 (n = 5) - 20 (n = 13) 4 (n = 4) 




Table 11.  Percentage of intersecting movements of focal air operations areas at Midway International Airport, Chicago, IL, USA by 






Habitat type 1.61 km 3.05 km 8.05 km Runway 13/31 Runways 4/22 Total
Green/Misc (n  = 24) 8.9% 11.1% 14.6% 6% 27.6% 415
Green/Rail (n  = 22) 32% 30.1% 19.7% 46.9% 9.2% 540
Green/Roof (n  = 21) 34.7% 22.3% 12.1% 28.8% 14.5% 336
Green/Water (n  = 24) 7.1% 7.6% 32% 3.8% 23.7% 1061
Rail/Misc (n  = 17) 8.9% 11.8% 4.4% 3.8% 3.9% 120
Rail/Water (n  = 17) 2.2% 5.2% 4.9% 3.5% 6.6% 135
Roof/Water (n  = 20) 4% 5.2% 3.1% 3.5% 7.9% 90
Water/Misc (n  = 23) 2.2% 6.7% 9.3% 3.8% 6.6% 311
Total (n  = 24) 225 821 2745 399 76 3008
Intersecting
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Table 12.  Mean departure and arrival of Mississippi Flyway Giant Population Canada geese (Branta canadensis) molt migrating to 
Hudson Bay region in the subarctic during 2015–2018. 
 
Northward Southward 
Year Departure (± SD) Arrival (± SD) Departure (± SD) Arrival (± SD) 
2016 (10 of 29) 2016-05-17 ± 28.57 2016-06-10 ± 12.49 2016-09-06 ± 3.55 2016-09-20 ± 17.81 
2017 (7 of 25) 2017-06-01 ± 1.99 2017-06-17 ± 7.62 2017-08-30 ± 2.40 2017-09-17 ± 11.58 
2018 (10 of 16) 2018-06-01 ± 6.71 2018-06-11 ± 9.49 2018-09-04 ± 2.58 2018-09-25 ± 8.26 




Figure 13.  Capture locations of Canada geese (Branta canadensis) marked in urban portions of the Greater Chicago Metropolitan 
area during 2015–2019. 
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Figure 14.  Nest locations of Canada geese (Branta canadensis) during April–May 2019 (n = 24) in the Greater Chicago Metropolitan 
Area.  Nest site are overlaid with National Land Cover Data to demonstrate the range of urban (shades of red) to rural (brown). 
81
 
Figure 15.  Locations and kernel density estimates of Canada geese (Branta canadensis) from 1 
September–31 March, 2016–2020, captured in urban (i.e. city) and suburban area of the Greater 




Figure 16.  Comparison of predicted daily movement distances of Canada geese (Branta canadensis) between urban and suburban 
wintering geese in the Greater Chicago Metropolitan Area. 
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Figure 17.  Comparison in diel movements of Canada geese (Branta canadensis) wintering in suburban and urban portions of the 





Figure 18.  Changes in predicted proportions of time spent in corn fields, developed (i.e. 
industrial or moderately paved areas), low developed (i.e. greenspaces, sports fields), and water 





Figure 19.  Locations and kernel density estimates of 32 transmittered (n = 153) Canada geese 




Figure 20.  Predicted probabilities of departure from the Greater Chicago Metropolitan Area by 
percent land use in the home range of each individual prior to departure during winters (1 




























Percent urban land use
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Figure 21.  Edge bundling diagram showing connectivity between different habitat types by 
Canada geese wintering in urban portions of Chicago during 2017–2019.  Lines indicate the 




Figure 22.  Average daily proportion in urban greenspaces for Canada geese (Branta canadensis) 
assigned to Marquette Park and all other city parks by day of season in Greater Chicago 




Figure 23.  Predicted daily proportions of time spent in behaviors from additive models of (A) average daily temperature (C°) and (B) 
averagely daily snow depth (cm) for Canada geese wintering in urban portions of the Greater Chicago Metropolitan Area during 
winters (1 December – 28 February), 2017–2020. 
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Figure 24.  Predicted probabilities with 95% confidence intervals of mixed effects logistic regression model of Canada goose (Branta 
canadensis) movements intersecting 3.05 km extensions of runway headings 13/31of Midway International Airport in Chicago, IL, 
USA during winter, 2015–2016. 
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Figure 25.  Migration routes of Canada geese (Branta canadensis) that undertook molt migrations 
from breeding areas in northeast Illinois, southeast Wisconsin, and Thunder Bay, Ontario to the 
Hudson Bay Region during 2016–2019. 
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At major shorebird migration stopovers within and nearby the Illinois River Valley and 
other locations in central Illinois within BCR 22 of Illinois and the UMRGLR Joint Venture, we 
propose to: 
1) Document abundance and distribution of shorebirds using a minimum of 12 aerial surveys 
in and near the central Illinois River Valley during spring (n = 6 surveys) and autumn (n = 
6 surveys) migration,  
2) Estimate detection probability, count bias, and visibility bias during aerial surveys at a 
minimum of 5 locations/survey in and near the central Illinois River Valley during spring 
and autumn migration, 
3) Estimate and compare shorebird densities on public and private land, lands managed for 
dabbling ducks (e.g., moist soil, emergent marsh), and floodplain wetlands connected and 
disconnected from river flooding, in and near the central Illinois River Valley during 
spring and autumn migration, 
4) Develop predictive models of habitat availability and quality for shorebirds using river 
stage, precipitation, or other data in and near the central Illinois River Valley during spring 
and autumn migration, and 
5) Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral presentations, 
technical reports, peer-reviewed publications, and other means. 
6) A popular article (~500 words and 2 photos) describing the project will be provided to 
Illinois Department of Natural Resources by the grant end date. 
Summary 
During late-summer 2019, we completed 6 aerial shorebird surveys of the Illinois River 
Valley (IRV) from near Spring Valley, Illinois to near Meredosia, Illinois (Appendix 6).  Our 
spring 2020 surveys of the Illinois River were not flown due to the Governor’s Stay-at-Home 
Executive Order attributable to the Covid-19 Pandemic.  Shorebirds were most abundant during our 
first survey of the fall on August 1st when we estimated 41,330 shorebirds in the IRV (Table 13).  
Shorebird abundance declined over the next 6 weeks; however, there were 14,035 shorebirds still 
present in the IRV on our last flight of fall.  To satisfy Objectives 2–4, we note that graduate 
student, Luke Malanchuk, defended and submitted his thesis (Appendix 7) to the University of 
Illinois Graduate School in spring 2020.  We prepared a popular article on shorebird distribution in 
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the IRV and submitted that to Kathy Andrews for potential publication to satisfy Objective 6.  The 
following is extracted from Luke Malanchuk’s Thesis Abstract.   
Shorebirds are one of multiple guilds of wetland birds that have 
been experiencing population declines over the last 50 years.  These 
species migrate long distances between northern breeding grounds and 
southern wintering grounds, and many need to stop and refuel along the 
way.  The Illinois River Valley (IRV) serves as a crucial stopover area for 
migratory shorebirds in the midwestern United States despite the high 
prevalence of row crop agriculture and extensive wetland loss and 
degradation in the region.  Aerial surveys are commonly used to quantify 
waterfowl abundance and estimate population size, but few attempts have 
been made to evaluate aerial surveys for other guilds of wetland birds.  
We investigated whether aerial surveys can be used to accurately estimate 
shorebird use of stopover sites in the IRV.  During July–September 2017–
2019, and April–May 2018–2019, we conducted concurrent ground and 
aerial surveys at 5–7 sites per week.  Additionally, a single observer 
counted and assigned all shorebird detections to either "large" (Killdeer 
(Charadrius vociferus) and larger) or "small" (Pectoral sandpiper 
(Calidris melanotos) and smaller) size classes, and recorded wetland 
habitat characteristics at a total of 96 sites in the IRV weekly.  Dynamic 
occupancy analyses showed the prevalence of wet mud drove site 
occupancy, and higher occupancy rates were observed in the fall than the 
spring.  Abundance analyses also found mud availability was also the 
driving factor in site abundance.  Overall abundance and wet mud 
availability varied by season, with 15 times more shorebirds and more 
than twice the amount of wet mud available in the fall.  Managers should 
focus on progressively exposing wet mud for migrating shorebirds 
especially during July–August, and also in May if the Illinois River level is 
low enough for managers to manipulate water levels. 
We used ground and aerial surveys to estimate shorebird numbers 
over a five-week period each fall and spring, conducting surveys once a 
week.  Surveys were conducted in fall 2017–2019 (n = 16) and spring 
2018–2019 (n = 10) migrations.  Shorebird site occupancy was greater in 
the fall than spring, and initial occupancy was greatest in fall of 2017 
(62% sites occupied, 95% CI = 37–81%), and least in spring of 2019 (7% 
sites occupied, 95% CI = 3–15%).  The addition of wet mud significantly 
increased initial occupancy, with initial occupancy increasing an 
estimated 10.9 (2.3–51.6) times for each additional ha of mud at a site.  
Average abundance per survey (weekly survey of 96 sites) during the fall 
was 20,030 shorebirds (range 4,485–41,330), and spring surveys 
averaged 1,365 (range 90–3,320).  Mudflat area was more than double in 
the fall compared to spring, and habitat composition was related to the 
water level of the Illinois River.  Future management should prioritize the 
exposure of mudflats in July–August, and on increasing the amount of 




Table 13.  Total number of shorebirds in the Illinois River Valley from autumn 2016–2019, and 
spring 2018–2019.  Spring surveys were not flown in 2020 due to Stay-at-Home Orders from 
Governor Pritzker due to the Covid-19 Pandemic. 
 
Date Large Small Total 
8/3/2016 5,885 9,255 15,140 
8/11/2016 40,185 43,340 83,525 
8/18/2016 22,130 11,375 34,065 
8/25/2016 2,125 1,370 3,495 
8/3/2017 1,425 3,235 4,660 
8/10/2017 3,395 5,870 9,265 
8/15/2017 6,275 11,845 18,120 
8/24/2017 4,455 6,135 10,590 
8/29/2017 11,975 5,310 17,285 
4/25/2018 915 790 1,705 
5/4/2018 1,370 640 2,010 
5/7/2018 945 2,375 3,320 
5/14/2018 495 2,565 3,060 
5/18/2018 450 2,090 2,540 
8/3/2018 15,405 9,970 25,375 
8/9/2018 14,190 16,100 30,290 
8/22/2018 7,070 5,875 12,945 
8/30/2018 2,935 1,550 4,485 
9/5/2018 2,579 2,139 4,718 
5/3/2019 80 80 160 
5/10/2019 235 200 435 
5/16/2019 110 115 225 
5/20/2019 40 50 90 
5/28/2019 80 30 110 
8/1/2019 13,540 27,790 41,330 
8/6/2019 21,180 16,590 37,770 
8/16/2019 25,615 9,055 34,670 
8/22/2019 24,150 7,620 31,770 
9/5/2019 19,015 4,170 23,185 








We will participate in the pre-season banding program at the Yorkton Banding Station in 
Saskatchewan during summer 2019.  Specifically, we will: 
1) Send an experienced biologist to assist banding efforts near Yorkton, Saskatchewan during 
August 2019, 
2) Repair and build wire swim-in traps as necessary, and  
3) Assist crew leaders with data entry and summarization as required. 
Introduction 
The Yorkton Banding Station is part of the Western Canada Cooperative Waterfowl 
Banding Program, a long-term, large-scale, pre-season waterfowl banding program.  This program 
is a joint effort between the United States Fish and Wildlife Service, Canadian Wildlife Service, 
state and provincial wildlife management agencies, the Flyway Councils, First Nations, and non-
governmental waterfowl advocacy and research organizations.  The Yorkton Station has been 
staffed by representatives from the Mississippi Flyway Council states for decades.   
Methods 
During August, ducks were captured using Benning II style swin-in traps at a variety of 
wetlands near Yorkton, Saskatchewan, Canada.  Traps were baited with barley and checked daily 
for duck capture.  All captured ducks were aged, sexed, and banded with an aluminum leg band.  
Once banded, ducks were be released at the capture location.   
Results and Discussion 
During this period, Andy Gilbert was the assistant crew leader at the Yorkton Banding Station.  
From August 3–26, we banded a total of 2,501 ducks in 479 trap nights (Table 14).  Additionally, 
we encountered 27 foreign recaptures.  We banded 9 species of ducks including blue-winged teal 
(Spatula discors), mallard (Anas platyrhynchos), green-winged teal (A. carolinensis), northern 
pintail (A. acuta), wood duck (Aix sponsa), American wigeon (Mareca americana), gadwall (M. 
strepera), redhead (Aythya americana), and a mallard/American black duck hybrid (Anas 
platyrhynchos X rubripes).  Blue-winged teal were the predominant species banded followed by 
mallards.   
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Table 14.  Species, sex, and age of banded ducks at the Yorkton Banding Station, Yorkton, 
Saskatchewan, Canada from August 3–26, 2019. 
 
  Female Male 
Total Speciesa L HY AHY Total L HY AHY Total 
BWTE 4 330 133 467 5 474 476 955 1,422 
MALL 19 199 139 357 20 247 414 681 1,038 
REDH 0 4 5 9 1 0 8 9 18 
AGWT 0 2 3 5 0 2 1 3 8 
GADW 0 3 2 5 0 0 0 0 5 
NOPI 0 3 1 4 0 1 0 1 5 
WODU 0 1 1 2 1 0 0 1 3 
MBDH 0 0 0 0 0 0 1 1 1 
AMWI 0 0 1 1 0 0 0 0 1 
Total 23 542 285 850 27 724 900 1651 2,501 
a American Ornithological Union (AOU) abbreviations. 
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Appendix 1.  Autumn 2019 & Spring 2020 Waterfowl Inventories of 
the Upper and Lower Divisions of the Illinois and Central 
Mississippi Rivers by Date and Location 
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 10 0 0 120 0 0 0 0 0 0 0 0 0 0 0 0 0 130 10 0 0 40 0 0 0 0 5
Goose Lake 70 0 10 0 210 2,200 450 0 0 125 0 0 0 0 0 0 0 0 0 2,995 560 0 0 530 0 0 0 10 0
Senachwine Lake 90 0 30 0 0 800 0 0 0 0 0 0 0 0 0 0 0 0 0 830 50 0 0 400 1 1 0 0 0
Hitchcock Slough 80 0 10 0 0 400 0 0 0 0 0 0 0 0 0 0 0 0 0 410 0 0 0 400 0 0 0 0 0
Douglas Lake 50 0 50 0 100 470 100 0 0 10 0 0 0 0 0 0 0 0 0 730 40 0 0 440 0 0 0 0 0
Goose Lake 90 0 0 0 0 200 0 0 0 10 0 0 0 0 0 0 0 0 0 210 0 0 0 950 0 0 0 0 0
Upper Peoria 100 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0
TOTAL UPPER 110 0 310 4,290 550 0 0 145 0 0 0 0 0 0 0 0 0 5,405 660 0 0 2,760 1 1 0 10 5
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 90 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 400 0 0 0 0 0
Rice Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
Big Lake 90 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 0 0 500 0 1 0 10 0
Banner Marsh 90 0 10 0 0 35 0 0 10 0 0 0 0 0 0 0 0 0 0 55 10 0 0 275 0 0 0 0 40
Duck Creek 100 0 0 0 0 5 0 0 5 0 0 0 0 0 0 0 0 0 0 10 5 0 0 5 0 0 0 155 30
Clear Lake 90 0 20 0 100 2,335 100 0 0 105 0 0 0 0 0 0 0 0 0 2,660 100 0 0 100 0 0 0 0 0
Chautauqua 60 0 30 0 10 6,300 300 0 0 50 0 0 0 0 0 0 0 0 0 6,690 290 0 0 440 0 2 1 0 0
Emiquon/Spoon Btm 70 0 150 0 50 2,650 100 0 150 50 0 0 0 0 0 0 0 0 0 3,150 380 0 0 3,720 100 2 18 60 35
Grass Lake 90 0 0 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 650 0 0 0 10 0
Jack Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 300 0 1 1 20 0
Stewart Lake 90 0 0 0 0 220 20 0 0 0 0 0 0 0 0 0 0 0 0 240 10 0 0 400 0 0 0 0 0
Crane Lake 70 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 1 0 205 0
Cuba Island 30 0 0 0 0 1,000 0 0 0 10 0 0 0 0 0 0 0 0 0 1,010 10 0 0 0 0 0 0 0 0
Sanganois 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Big Lake 70 0 20 0 0 75 0 0 0 0 0 0 0 0 0 0 0 0 0 95 30 0 0 150 0 0 0 0 0
Spunky Bottoms 10 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0
Meredosia Lake 80 0 15 0 0 155 0 0 0 0 0 0 0 0 0 0 0 0 0 170 315 0 0 550 0 0 0 5 0
TOTAL LOWER 250 0 160 13,010 520 0 165 215 0 0 0 0 0 0 0 0 0 14,320 1,170 0 0 7,490 100 7 20 470 105
TOTAL ILLINOIS 360 0 470 17,300 1,070 0 165 360 0 0 0 0 0 0 0 0 0 19,725 1,830 0 0 10,250 101 8 20 480 110
 10-Year Average 
2009-2018 1,718 0 2,310 18,735 3,288 0 0 2,190 0 0 0 0 1 0 0 0 1 28,242 1,020 291 0 9,098 1,538 3 6 675 62
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 110 0 250 1,300 100 0 0 100 0 0 0 0 0 0 0 0 0 1,860 75 0 0 150 0 0 1 10 10
Goose Lake 70 0 210 0 200 2,820 150 0 0 160 0 0 0 0 0 0 0 0 0 3,540 460 0 0 400 0 1 0 0 0
Senachwine Lake 90 0 20 0 0 400 200 0 0 0 0 0 0 0 0 0 0 0 0 620 120 0 0 925 0 0 0 15 0
Hitchcock Slough 70 0 0 0 0 200 0 0 0 0 0 0 0 0 0 0 0 0 0 200 0 0 0 250 0 0 0 0 0
Douglas Lake 60 0 200 0 300 2,000 400 0 0 200 0 0 0 0 0 0 0 0 0 3,100 420 0 0 300 0 2 1 0 0
Goose Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,510 0 0 0 0 0
Upper Peoria 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 1 1 0 0
TOTAL UPPER 540 0 750 6,720 850 0 0 460 0 0 0 0 0 0 0 0 0 9,320 1,085 0 0 3,535 0 4 3 25 10
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 80 0 0 0 0 310 0 0 0 5 0 0 0 0 0 0 0 0 0 315 0 0 0 20 0 1 0 0 0
Rice Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Big Lake 90 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 5 0 0 0 0 0
Banner Marsh 90 0 10 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 35 10 0 0 20 0 0 0 0 65
Duck Creek 100 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 10 5 0 0 10 0 0 0 255 35
Clear Lake 90 0 50 200 0 1,710 100 0 0 110 0 0 0 0 0 0 0 0 0 2,170 15 0 0 25 0 0 0 0 0
Chautauqua 50 0 150 0 300 7,500 700 0 0 300 0 0 0 0 0 0 0 0 0 8,950 120 0 0 2,000 0 4 4 0 0
Emiquon/Spoon Btm 60 0 155 0 200 1,905 100 50 350 200 0 0 0 0 0 0 0 0 0 2,960 1,000 0 0 9,350 250 2 19 170 15
Grass Lake 90 0 0 0 0 1,060 50 0 0 55 0 0 0 0 0 0 0 0 0 1,165 0 0 0 5 0 0 0 0 0
Jack Lake 90 0 0 0 0 75 0 0 0 0 0 0 0 0 0 0 0 0 0 75 0 0 0 105 0 0 0 0 0
Stewart Lake 90 0 0 0 0 805 0 0 0 0 0 0 0 0 0 0 0 0 0 805 0 0 0 300 0 1 0 0 0
Crane Lake 90 0 0 0 0 1,350 100 0 0 0 0 0 0 0 0 0 0 0 0 1,450 0 0 0 0 0 0 0 15 0
Cuba Island 30 0 0 0 0 2,200 100 0 0 50 0 0 0 0 0 0 0 0 0 2,350 10 0 0 0 0 0 0 0 0
Sanganois 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Big Lake 60 0 0 0 0 600 0 0 0 0 0 0 0 0 0 0 0 0 0 600 0 0 0 2,700 0 0 0 10 0
Spunky Bottoms 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Meredosia Lake 70 0 0 0 0 565 0 0 0 5 0 0 0 0 0 0 0 0 0 570 105 0 0 1,350 0 0 0 0 0
TOTAL LOWER 365 200 500 18,115 1,150 50 360 725 0 0 0 0 0 0 0 0 0 21,465 1,265 0 0 15,890 250 9 24 450 115
TOTAL ILLINOIS 905 200 1,250 24,835 2,000 50 360 1,185 0 0 0 0 0 0 0 0 0 30,785 2,350 0 0 19,425 250 13 27 475 125
 10-Year Average 
2009-2018 2,582 0 2,924 19,596 7,395 33 405 2,583 0 0 0 0 0 0 0 0 0 35,517 1,200 0 2 11,908 6,211 6 7 1,002 81
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 120 0 320 675 100 0 0 100 0 0 0 0 0 0 0 0 0 1,315 60 0 0 255 210 0 0 50 10
Goose Lake 90 0 20 0 20 170 0 0 0 5 0 0 0 0 0 0 0 0 0 215 50 0 0 105 0 1 2 10 0
Senachwine Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 50 0 0 0 0 0
Hitchcock Slough 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Douglas Lake 70 0 100 0 500 1,000 500 0 0 50 0 0 0 0 0 0 0 0 0 2,150 70 0 0 0 0 0 1 0 0
Goose Lake 90 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 510 0 0 0 20 0
Upper Peoria 100 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 5 0 0 20 0 0 1 0 0
TOTAL UPPER 250 0 840 1,855 600 0 0 155 0 0 0 0 0 0 0 0 0 3,700 285 0 0 940 210 1 5 80 10
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 80 0 0 0 5 25 0 0 0 5 0 0 0 0 0 0 0 0 0 35 0 0 0 0 0 0 0 0 0
Rice Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 1 1 10 0
Big Lake 90 0 5 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 0 15 0 0 1 5 0
Banner Marsh 90 0 10 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 20 20 0 0 40 0 0 0 5 90
Duck Creek 100 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 25 0 0 15 0 0 0 210 15
Clear Lake 90 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 70 0 0 0 0 0
Chautauqua 60 0 475 0 1,075 8,650 2,950 0 0 1,450 0 0 0 0 0 0 0 0 0 14,600 570 0 0 2,645 0 5 0 50 0
Emiquon/Spoon Btm 60 0 310 0 510 3,210 550 50 300 520 0 0 0 0 0 0 0 0 0 5,450 855 0 0 3,890 300 0 6 195 65
Grass Lake 90 0 15 0 10 200 0 0 0 20 0 0 0 0 0 0 0 0 0 245 0 0 0 300 0 0 3 0 0
Jack Lake 90 0 0 0 10 40 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 400 0 1 2 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 510 0 2 1 0 0
Crane Lake 90 0 0 0 0 110 0 0 0 0 0 0 0 0 0 0 0 0 0 110 0 0 0 2,500 0 0 0 35 0
Cuba Island 30 0 10 0 10 400 100 0 0 0 0 0 0 0 0 0 0 0 0 520 20 0 0 50 0 0 0 0 0
Sanganois 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0
Big Lake 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 2,000 0 0 0 0 0
Spunky Bottoms 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 700 0 0 0 0 0
Meredosia Lake 70 0 0 0 0 55 0 0 0 0 0 0 0 0 0 0 0 0 0 55 210 0 0 400 0 0 0 10 0
TOTAL LOWER 835 0 1,620 12,730 3,600 50 300 1,995 0 0 0 0 0 0 0 0 0 21,130 1,710 0 0 13,600 300 9 14 520 170
TOTAL ILLINOIS 1,085 0 2,460 14,585 4,200 50 300 2,150 0 0 0 0 0 0 0 0 0 24,830 1,995 0 0 14,540 510 10 19 600 180
 10-Year Average 
2009-2018 3,464 0 9,364 16,462 13,159 191 616 4,673 0 0 0 0 8 0 0 0 0 47,938 1,626 0 3 9,790 21,800 4 11 1,147 96
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO
Hennepin/Hopper 100 0 50 0 110 0 0 0 0 600 0 0 0 0 20 0 0 0 0 780 50 0 0 105 1,860
Goose Lake 80 0 0 0 500 0 50 0 0 0 0 0 0 0 0 0 0 0 0 550 305 0 0 20 0
Senachwine Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 150 0 0 10 0
Hitchcock Slough 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Douglas Lake 80 0 50 0 800 100 100 0 0 0 0 0 0 0 0 0 0 0 0 1,050 10 0 0 0 200
Goose Lake 90 0 0 0 300 100 0 0 0 0 0 0 0 0 0 0 0 0 0 400 50 0 0 720 0
Upper Peoria 100 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 0 0 0 0
TOTAL UPPER 110 0 1,710 200 150 0 0 600 0 0 0 0 20 0 0 0 0 2,790 585 0 0 855 2,060
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 0
Rice Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 385 0
Big Lake 90 0 10 0 10 5 0 0 0 0 0 0 0 0 0 0 0 0 0 25 5 0 0 650 0
Banner Marsh 90 0 5 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 10 45 0 0 435 0
Duck Creek 100 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 25 0 0 25 0
Clear Lake 90 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5 230 0 0 15 0
Chautauqua 70 0 360 0 1,800 900 4,450 0 50 370 0 0 0 0 0 0 0 0 0 7,930 280 0 0 215 50
Emiquon/Spoon Btm 60 0 825 0 5,215 1,620 2,595 40 140 550 0 0 0 0 0 0 0 0 0 10,985 615 0 5 2,540 2,200
Grass Lake 90 0 10 0 100 15 5 0 0 0 0 0 0 0 0 0 0 0 0 130 10 0 0 710 0
Jack Lake 90 0 0 0 0 60 5 0 0 0 0 0 0 0 0 0 0 0 0 65 385 0 0 1,400 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 270 0
Crane Lake 90 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 10 15 0 0 210 20
Cuba Island 30 0 10 0 50 100 500 0 0 10 0 0 0 0 0 0 0 0 0 670 45 0 0 0 0
Sanganois 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 400 0
Big Lake 70 0 10 0 0 20 0 0 0 5 0 0 0 0 0 0 0 0 0 35 0 0 0 200 0
Spunky Bottoms 20 0 10 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 25 205 0 0 0 0
Meredosia Lake 70 0 10 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 20 80 0 0 150 0
TOTAL LOWER 1,255 0 7,175 2,755 7,555 40 190 945 0 0 0 0 0 0 0 0 0 19,915 1,955 0 5 7,905 2,270
TOTAL ILLINOIS 1,365 0 8,885 2,955 7,705 40 190 1,545 0 0 0 0 20 0 0 0 0 22,705 2,540 0 5 8,760 4,330
 10-Year Average 
2009-2018 3,747 0 15,261 12,532 20,465 293 504 6,388 0 0 0 0 11 0 0 0 0 59,199 1,749 0 3 8,608 30,950
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 1,000 0 4,000 200 1,000 600 2,000 1,000 0 400 300 0 3,300 0 0 0 0 13,800 180 0 0 470 14,000 0 0 400 20
Goose Lake 100 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 1 0 0 0
Senachwine Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0
Hitchcock Slough 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Douglas Lake 100 0 10 0 0 0 0 0 0 0 0 300 0 25 0 0 0 0 0 335 15 0 0 0 0 0 0 0 0
Goose Lake 100 0 400 0 0 0 0 0 0 0 0 0 0 0 2,000 0 0 0 0 2,400 0 0 0 0 0 0 0 0 0
Upper Peoria 100 0 0 0 0 0 0 0 0 0 0 0 0 0 2,250 0 0 0 0 2,250 10 0 0 0 0 0 0 0 0
TOTAL UPPER 1,460 0 4,000 200 1,000 600 2,000 1,000 0 700 300 25 7,550 0 0 0 0 18,835 205 0 0 475 14,000 1 0 400 20
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 10 0 0 0 0 0 0 2 0 0
Rice Lake 95 0 1,900 0 600 200 900 0 50 100 0 0 0 0 10 0 0 0 0 3,760 200 0 0 5 0 1 0 0 0
Big Lake 100 0 30 0 0 0 0 0 0 0 0 0 0 0 35 0 0 0 0 65 0 0 0 50 0 0 0 10 0
Banner Marsh 95 0 15 0 0 0 10 0 270 0 0 0 0 0 0 0 0 0 0 295 90 0 0 10 130 0 0 20 155
Duck Creek 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 100 0 0 1 200 5
Clear Lake 100 0 1,010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,010 0 0 0 5 0 0 0 0 5
Chautauqua 90 0 1,510 0 1,100 500 3,010 0 200 200 0 0 0 0 300 0 0 0 0 6,820 295 100 5 30 6,000 0 1 0 0
Emiquon/Spoon Btm 80 0 15,750 0 18,250 3,000 10,050 5,400 14,710 4,750 0 0 150 10 100 0 0 0 0 72,170 670 0 0 525 41,650 1 1 120 225
Grass Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 10 100 0 0 0 0 110 0 0 0 0 0 0 0 0 0
Jack Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Crane Lake 100 0 200 0 0 0 50 0 0 0 0 0 0 0 100 0 0 0 0 350 100 0 0 0 500 0 0 100 0
Cuba Island 70 0 505 0 4,000 200 5,000 0 300 100 0 500 0 0 0 0 0 0 0 10,605 310 100 0 0 0 0 0 0 0
Sanganois 100 0 120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 5 0 0 0 0 0 0 0 0
Big Lake 60 0 505 0 200 0 300 0 0 0 0 500 0 0 0 0 0 0 0 1,505 0 0 0 0 500 0 0 0 0
Spunky Bottoms 100 0 100 0 700 50 500 20 150 50 0 100 0 0 0 0 0 0 0 1,670 160 0 0 0 100 0 0 0 0
Meredosia Lake 100 0 100 0 500 0 100 0 0 0 0 0 0 0 0 0 0 0 0 700 0 0 0 5 300 0 1 0 0
TOTAL LOWER 21,745 0 25,350 3,950 19,920 5,420 15,680 5,200 0 1,100 150 20 655 0 0 0 0 99,190 1,950 200 5 730 49,180 3 6 450 390
TOTAL ILLINOIS 23,205 0 29,350 4,150 20,920 6,020 17,680 6,200 0 1,800 450 45 8,205 0 0 0 0 118,025 2,155 200 5 1,205 63,180 4 6 850 410
 10-Year Average 
2009-2018  20,238  109  30,389  2,197  31,382  3,777  14,235  12,604 159 1,415 156 11 6,292 0 0 0 0 122,966  2,675 349 2 3,503 116,376 5 12 1,021 103
 10/17/2019 BAEA
104
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 2,350 0 4,700 0 940 470 3,760 3,290 100 2,350 110 0 940 0 0 0 0 19,010 550 0 0 175 28,200 0 0 20 30
Goose Lake 100 0 3,200 15 4,800 0 3,900 0 0 200 0 200 0 0 0 0 0 0 0 12,315 0 0 0 0 0 2 0 0 0
Senachwine Lake 100 0 310 0 50 0 500 0 0 0 0 0 0 0 100 0 0 0 0 960 40 0 0 0 500 0 0 0 0
Hitchcock Slough 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Douglas Lake 100 0 5,100 5 3,500 0 1,000 100 2,000 100 0 200 0 0 0 0 0 0 0 12,005 0 0 0 0 1,300 0 0 0 0
Goose Lake 100 0 5,700 25 1,200 0 4,000 0 600 300 0 0 0 0 3,000 0 0 0 0 14,825 0 0 0 0 1,100 0 0 0 0
Upper Peoria 100 0 700 0 0 0 0 0 0 0 615 10 0 0 11,300 0 0 0 0 12,625 30 0 0 0 295 0 0 0 0
TOTAL UPPER 17,360 45 14,250 0 10,340 570 6,360 3,890 715 2,760 110 0 15,340 0 0 0 0 71,740 620 0 0 175 31,395 2 0 20 30
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 10 0 0 0 0 0 0 0 0 0
Rice Lake 95 0 1,010 0 0 0 300 0 100 100 0 0 0 0 0 0 0 0 0 1,510 200 0 0 0 50 0 0 0 0
Big Lake 100 0 1,000 0 0 0 200 0 200 0 0 500 0 0 0 0 0 0 0 1,900 0 0 0 0 700 0 0 0 0
Banner Marsh 95 0 200 0 0 10 10 0 335 10 0 0 0 0 0 0 0 0 0 565 260 0 0 40 500 0 0 20 110
Duck Creek 100 0 150 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 170 210 0 0 75 0 0 0 205 5
Clear Lake 100 0 530 5 0 100 400 0 10 0 0 0 0 0 0 0 0 0 0 1,045 155 0 0 0 2,000 0 0 0 5
Chautauqua 100 0 1,500 0 2,800 100 5,600 100 2,800 1,400 0 300 0 0 1,670 0 0 0 0 16,270 600 0 0 10 16,200 2 1 0 0
Emiquon/Spoon Btm 80 0 15,005 0 26,540 2,135 9,590 435 11,680 6,470 10 100 100 0 200 0 0 0 0 72,265 1,260 10 5 535 61,830 2 3 40 155
Grass Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 100 0 0 0 0 0 0 0 0 0
Jack Lake 100 0 20 0 10 0 10 0 0 0 0 0 0 0 15 0 0 0 0 55 0 0 0 0 80 0 0 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 20 0 0 0 0 210 2 0 5 0
Crane Lake 100 0 3,320 0 500 0 2,000 0 1,600 1,000 0 200 0 0 0 0 0 0 0 8,620 30 0 0 0 2,700 0 0 10 0
Cuba Island 90 0 2,700 0 2,500 0 3,000 0 1,500 500 0 1,000 0 0 0 0 0 0 0 11,200 400 50 0 0 1,200 1 2 0 0
Sanganois 100 0 300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 0 0 0 0 0 0 0 0 0
Big Lake 60 0 100 0 0 0 0 0 100 50 0 100 0 0 0 0 0 0 0 350 0 0 0 10 1,230 0 0 0 0
Spunky Bottoms 70 0 800 0 1,300 0 100 100 1,800 100 0 100 0 0 0 0 0 0 0 4,300 135 0 0 0 200 0 0 0 0
Meredosia Lake 100 0 600 0 300 250 2,200 0 300 150 0 300 0 0 100 0 0 0 0 4,200 50 0 0 15 2,300 0 2 210 0
TOTAL LOWER 27,235 5 33,950 2,595 23,410 635 20,445 9,780 10 2,620 100 0 2,095 0 0 0 0 122,880 3,300 60 5 685 89,200 7 8 490 275
TOTAL ILLINOIS 44,595 50 48,200 2,595 33,750 1,205 26,805 13,670 725 5,380 210 0 17,435 0 0 0 0 194,620 3,920 60 5 860 120,595 9 8 510 305
 10-Year Average 
2009-2018 36,958 184 50,505 1,993 49,429 4,166 29,147 19,916 809 4,190 919 329 13,044 0 0 0 7 211,598 3,315 359 1 2,707 137,443 5 11 930 154
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 4,320 0 1,295 0 865 215 4,340 2,660 215 0 200 10 0 0 0 0 0 14,120 270 0 0 205 28,080 0 0 100 40
Goose Lake 100 0 160 0 0 0 20 0 0 10 0 2,500 0 0 0 0 0 0 0 2,690 0 0 0 0 1,100 2 0 0 0
Senachwine Lake 100 0 630 10 0 0 205 10 200 100 0 0 0 0 0 0 0 0 0 1,155 100 0 0 0 0 0 0 0 0
Hitchcock Slough 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Douglas Lake 100 0 1,700 0 5,000 100 3,000 0 100 400 0 2,000 0 5 0 0 0 0 0 12,305 0 0 0 0 950 0 0 0 0
Goose Lake 100 0 5,110 0 3,000 0 500 0 0 10 1,010 0 0 0 200 0 0 0 0 9,830 0 0 0 0 2,000 0 0 0 0
Upper Peoria 100 0 1,100 10 0 0 0 0 40 0 600 0 0 10 6,810 0 0 0 0 8,570 10 0 0 0 900 0 0 0 0
Powerton 100 0 0 0 0 0 0 0 200 50 0 100 0 0 0 0 0 0 0 350 10 0 0 5 1,190 0 0 100 0
TOTAL UPPER 13,020 20 9,295 100 4,590 225 4,880 3,230 1,825 4,600 200 25 7,010 0 0 0 0 49,020 390 0 0 210 34,220 2 0 200 40
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 10 0 0 0 0 250 0 0 0 0
Rice Lake 95 0 1,010 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 1,510 150 0 0 0 0 3 0 0 0
Big Lake 100 0 2,000 5 0 0 0 0 0 0 0 100 0 0 20 0 0 0 0 2,125 0 0 0 100 600 0 0 0 0
Banner Marsh 95 0 10 0 0 0 10 0 130 0 0 0 0 0 0 0 0 0 0 150 200 0 0 5 410 0 0 0 165
Duck Creek 100 0 670 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0 0 870 30 0 0 35 0 0 1 20 0
Clear Lake 100 0 1,000 0 0 0 0 0 100 0 10 0 0 0 50 0 0 0 0 1,160 500 0 0 0 340 0 0 0 0
Chautauqua 100 0 2,975 0 1,435 135 1,450 0 2,975 1,425 0 200 0 0 600 0 10 0 0 11,205 350 0 0 10 21,090 2 0 0 20
Emiquon/Spoon Btm 80 0 33,775 0 41,585 2,345 10,495 6,380 20,070 6,895 1,125 3,025 825 0 500 0 0 0 0 127,020 1,465 400 5 525 120,540 1 3 20 100
Grass Lake 100 0 210 0 0 0 0 0 100 0 0 300 0 0 0 0 0 0 0 610 0 0 0 0 100 0 1 0 0
Jack Lake 100 0 2,110 0 0 0 0 0 0 0 0 300 0 0 200 0 0 0 0 2,610 100 0 0 0 600 0 1 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 100 0 0 0 30 100 2 0 0 0
Crane Lake 100 0 700 0 100 100 600 100 1,120 400 0 600 0 0 100 0 0 0 0 3,820 150 0 0 0 2,600 0 0 0 0
Cuba Island 90 0 4,660 0 900 45 1,800 100 1,300 450 0 2,000 0 0 0 0 0 0 0 11,255 400 100 0 0 1,400 0 0 0 0
Sanganois 100 0 1,100 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 1,200 0 0 0 0 100 0 0 0 0
Big Lake 60 0 3,005 0 200 100 2,000 0 300 0 0 300 0 0 0 0 0 0 0 5,905 0 0 0 0 1,600 0 0 0 0
Spunky Bottoms 70 0 1,200 0 600 100 500 100 800 700 0 1,000 0 0 0 0 0 0 0 5,000 300 0 0 0 600 0 0 0 0
Meredosia Lake 100 0 600 0 100 0 0 0 500 0 0 100 0 0 200 0 0 0 0 1,500 10 0 0 10 3,000 0 1 0 0
TOTAL LOWER 55,025 5 44,920 2,825 17,355 6,680 27,695 9,870 1,135 7,925 825 0 1,780 0 10 0 0 176,050 3,655 500 5 715 153,330 8 7 40 285
TOTAL ILLINOIS 68,045 25 54,215 2,925 21,945 6,905 32,575 13,100 2,960 12,525 1,025 25 8,790 0 10 0 0 225,070 4,045 500 5 925 187,550 10 7 240 325
 10-Year Average 
2009-2018 63,718 320 51,956 557 56,831 3,493 41,828 19,248 1,922 10,710 1,504 330 21,847 0 33 0 3 274,298 3,172 486 8 1,396 121,451 5 11 593 134
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 1,300 0 1,100 0 1,500 10 2,600 2,510 200 500 500 10 2,000 0 0 0 0 12,230 720 0 0 110 500 0 0 0 95
Goose Lake 100 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0
Senachwine Lake 100 0 6,200 5 1,000 0 500 0 0 0 1,800 700 510 0 300 0 0 0 0 11,015 10 0 0 0 0 0 0 0 0
Hitchcock Slough 100 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 10 0 0 0 0 0 0 0 0 0
Douglas Lake 100 0 2,210 0 2,000 0 500 0 500 0 100 5,000 0 0 100 0 0 0 0 10,410 0 0 0 0 0 0 0 0 0
Goose Lake 100 0 12,000 0 2,000 0 0 0 0 0 1,000 0 0 0 4,000 0 0 0 0 19,000 0 0 0 0 0 0 0 0 0
Upper Peoria 100 0 8,040 0 1,000 0 0 0 0 0 750 2,000 0 0 3,150 0 200 0 0 15,140 0 0 0 0 0 0 0 0 0
Powerton 100 0 0 0 0 0 0 0 0 0 100 0 0 0 200 0 5 0 20 325 150 0 0 0 300 0 0 0 5
TOTAL UPPER 29,765 5 7,100 0 2,500 10 3,100 2,510 3,950 8,200 1,010 10 9,760 0 205 0 20 68,145 880 0 0 110 800 0 0 0 100
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 30 0 0 0 0 200 0 0 0 0
Rice Lake 95 0 4,000 5 0 0 2,500 0 200 0 0 0 0 0 10 0 0 0 0 6,715 0 0 0 0 10 2 0 0 0
Big Lake 100 0 3,700 5 0 0 0 0 0 0 100 400 0 0 600 0 0 0 0 4,805 5 0 0 0 0 0 0 0 0
Banner Marsh 95 0 1,560 0 0 0 0 0 250 0 0 0 0 0 0 0 0 0 0 1,810 300 0 0 10 100 0 0 5 215
Duck Creek 100 0 3,700 0 0 0 0 0 610 0 0 0 0 0 60 0 10 0 0 4,380 200 0 0 0 0 3 1 0 0
Clear Lake 100 0 900 0 0 0 0 0 200 0 100 1,000 0 0 200 0 10 0 0 2,410 0 0 0 0 200 1 0 0 0
Chautauqua 100 0 3,100 0 400 0 1,300 0 1,000 1,200 2,100 11,500 600 200 3,600 0 50 0 0 25,050 1,110 0 0 0 2,500 0 1 0 50
Emiquon/Spoon Btm 80 0 15,365 0 28,595 500 7,280 700 24,520 7,285 2,390 7,790 900 400 3,300 0 110 0 20 99,155 285 1,500 100 300 50,400 2 3 10 315
Grass Lake 100 0 0 0 0 0 0 0 50 0 0 200 0 0 300 0 0 0 0 550 0 0 0 5 0 0 0 0 0
Jack Lake 100 0 500 0 0 0 0 0 0 0 100 0 0 0 800 0 10 0 0 1,410 0 0 0 0 0 3 1 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 200 0 0 100 0 100 0 0 400 0 0 0 0 0 0 0 0 0
Crane Lake 100 0 800 0 0 0 0 0 300 0 0 1,200 0 0 50 0 100 0 15 2,465 40 0 0 0 600 0 2 10 0
Cuba Island 100 0 8,300 0 1,100 50 3,300 0 3,700 500 0 6,400 0 0 0 0 0 0 0 23,350 400 0 0 0 1,200 0 0 0 0
Sanganois 100 0 300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 0 0 0 0 0 0 0 0 0
Big Lake 80 0 1,500 0 0 0 0 0 100 0 0 200 0 0 100 0 0 0 0 1,900 0 0 0 0 0 1 0 0 0
Spunky Bottoms 100 0 210 0 0 0 0 0 200 0 0 2,000 200 0 0 0 0 0 0 2,610 0 0 0 0 700 1 0 0 0
Meredosia Lake 100 0 150 0 0 0 4,000 0 260 110 50 150 0 0 250 0 0 0 0 4,970 0 0 0 5 500 0 0 10 0
TOTAL LOWER 44,085 10 30,095 550 18,380 700 31,390 9,095 4,840 31,070 1,700 600 9,370 0 390 0 35 182,310 2,340 1,500 100 320 56,410 13 8 35 580
TOTAL ILLINOIS 73,850 15 37,195 550 20,880 710 34,490 11,605 8,790 39,270 2,710 610 19,130 0 595 0 55 250,455 3,220 1,500 100 430 57,210 13 8 35 680
 10-Year Average 
2009-2018 114,833 729 45,607 0 67,469 4,093 63,037 23,346 9,427 30,563 4,175 417 28,438 1 174 0 66 392,373 3,563 306 17 744 90,566 12 11 227 121
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 90 100 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0 300 0 0 0 0 0 2 0 0 30
Goose Lake 100 80 600 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 10 710 130 0 0 0 50 0 0 0 0
Senachwine Lake 100 10 4,800 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,850 0 0 0 0 0 1 0 0 0
Hitchcock Slough 100 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
Douglas Lake 100 10 6,000 10 130 0 0 0 0 0 0 3,000 30 0 0 0 0 0 0 9,170 0 0 0 0 10 0 0 0 0
Goose Lake 100 10 13,200 0 0 0 0 0 100 100 600 1,000 60 0 2,500 0 0 0 60 17,620 0 0 0 0 0 0 2 0 0
Upper Peoria 100 10 13,100 100 0 0 0 0 0 0 200 0 0 0 8,200 3,570 0 0 400 25,570 5 0 0 0 0 0 0 0 0
Powerton 100 0 200 5 0 0 0 0 220 0 0 0 0 0 10 0 0 0 10 445 50 0 0 0 0 0 0 0 0
TOTAL UPPER 38,000 165 130 0 0 0 320 300 800 4,100 90 0 10,710 3,570 0 0 480 58,665 185 0 0 0 60 5 2 0 30
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 10 230 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 230 0 0 0 0 500 0 0 0 0
Rice Lake 100 10 6,100 20 0 0 300 0 200 0 0 500 0 0 10 0 0 0 0 7,130 100 10 0 0 0 1 0 0 130
Big Lake 100 10 7,100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7,100 0 0 0 0 0 3 0 0 0
Banner Marsh 100 50 550 0 0 0 0 0 390 0 0 0 0 0 0 0 0 0 0 940 420 0 0 0 410 0 0 0 445
Duck Creek 100 0 7,000 10 0 0 0 0 1,700 0 0 0 0 0 0 0 0 0 0 8,710 400 0 0 0 100 5 2 5 50
Clear Lake 100 10 900 10 0 0 0 0 15 0 0 0 0 0 110 0 0 0 0 1,035 100 0 0 0 50 0 0 0 5
Chautauqua 100 40 11,810 10 2,610 0 120 0 500 0 200 5,000 400 0 3,000 0 200 0 50 23,900 260 0 0 0 3,000 1 0 0 0
Emiquon/Spoon Btm 80 70 5,000 0 8,400 0 200 0 700 500 200 4,200 1,330 0 100 25 0 0 300 20,955 180 100 5 10 22,220 16 15 0 900
Grass Lake 100 10 20 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 40 0 0 0 0 0 1 0 0 0
Jack Lake 100 10 200 0 0 0 0 0 0 0 20 0 120 0 0 0 0 0 100 440 0 0 0 0 0 1 1 0 0
Stewart Lake 100 10 20 0 0 0 0 0 10 0 0 0 0 0 10 0 0 0 0 40 0 0 0 0 0 2 0 0 0
Crane Lake 100 60 250 0 0 0 0 0 100 0 0 500 5 0 150 0 0 0 0 1,005 100 0 0 0 100 4 2 0 0
Cuba Island 100 80 14,000 25 10,000 0 0 0 500 500 0 21,000 0 0 0 0 0 0 0 46,025 500 125 5 0 700 3 5 0 155
Sanganois 100 70 1,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 0 0 0 0 0
Big Lake 80 90 3,500 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 3,505 100 0 0 0 100 0 3 0 0
Spunky Bottoms 100 90 1,200 0 0 0 0 0 0 0 0 1,200 110 0 0 0 0 0 10 2,520 0 0 0 0 100 2 2 0 0
Meredosia Lake 100 70 2,100 0 0 0 0 0 0 0 25 1,000 50 0 0 0 0 0 0 3,175 0 0 0 0 100 2 1 0 0
TOTAL LOWER 60,980 75 21,010 0 620 0 4,115 1,000 445 33,400 2,015 0 3,400 30 200 0 460 127,750 2,160 235 10 10 27,380 41 31 5 1,685
TOTAL ILLINOIS 98,980 240 21,140 0 620 0 4,435 1,300 1,245 37,500 2,105 0 14,110 3,600 200 0 940 186,415 2,345 235 10 10 27,440 46 33 5 1,715
 10-Year Average 
2009-2018 152,103 522 33,586 0 49,128 1,675 39,538 9,369 3,884 24,104 1,971 76 17,691 232 971 10 193 335,049 3,488 571 106 360 38,270 18 19 110 274
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 80 3,800 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 3,900 1,070 0 0 0 0 4 0 0 20
Goose Lake 100 10 4,400 35 0 0 500 0 0 0 0 0 20 0 0 0 0 0 0 4,955 0 0 0 0 0 1 0 0 0
Senachwine Lake 100 10 7,210 105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7,315 110 0 0 0 0 0 0 0 0
Hitchcock Slough 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Douglas Lake 100 10 14,000 25 2,050 0 0 0 0 0 0 4,000 0 0 0 0 0 0 0 20,075 0 0 0 0 0 0 1 0 0
Goose Lake 100 0 43,000 210 1,000 0 200 0 0 0 2,000 1,000 100 0 1,000 0 0 0 0 48,510 200 0 0 0 0 0 0 0 0
Upper Peoria 100 0 7,100 110 0 0 0 0 0 0 0 0 0 0 7,500 1,000 0 0 0 15,710 200 0 0 0 0 2 0 0 0
Powerton 100 0 1,000 0 0 0 0 0 400 0 0 0 0 0 0 0 0 0 0 1,400 100 0 0 0 0 1 0 0 0
TOTAL UPPER 80,510 485 3,050 0 700 0 500 0 2,000 5,000 120 0 8,500 1,000 0 0 0 101,865 1,680 0 0 0 0 8 1 0 20
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 0 150 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 150 525 0 0 0 0 0 0 0 10
Rice Lake 100 0 4,500 0 0 0 300 0 0 0 0 0 5 0 0 0 0 0 0 4,805 210 10 0 0 0 0 0 0 30
Big Lake 100 10 2,500 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 2,600 0 0 0 5 0 1 0 0 0
Banner Marsh 100 0 2,000 0 0 0 0 0 1,000 0 0 0 0 0 0 5 0 0 5 3,010 455 0 0 5 220 0 0 0 380
Duck Creek 100 0 2,150 0 0 0 0 0 510 0 0 0 0 0 0 10 0 0 0 2,670 220 0 0 0 0 0 0 0 65
Clear Lake 100 0 300 0 0 0 0 0 0 0 150 0 0 0 1,000 0 10 0 0 1,460 300 0 0 0 0 0 0 0 0
Chautauqua 100 10 6,200 0 0 0 0 0 350 50 1,000 17,500 4,600 600 3,000 100 400 0 0 33,800 1,110 0 0 0 1,100 1 1 0 0
Emiquon/Spoon Btm 80 20 6,405 0 3,100 0 350 0 850 100 100 300 250 100 350 1,000 1,050 0 1,000 14,955 520 600 300 25 3,600 3 4 0 465
Grass Lake 100 0 5 0 0 0 0 0 10 0 0 0 0 0 0 10 0 0 0 25 0 0 0 0 0 1 0 0 0
Jack Lake 100 0 10 0 0 0 0 0 10 0 0 0 0 0 0 20 5 0 100 145 0 0 0 0 0 0 0 0 20
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 20 0 0 0 0 0 3 0 0 20
Crane Lake 100 0 410 0 0 0 0 0 150 0 0 0 0 0 100 0 10 0 0 670 0 0 0 0 0 0 1 0 15
Cuba Island 100 10 3,600 0 1,500 0 0 0 300 0 0 8,000 50 0 0 100 100 0 0 13,650 400 300 0 0 200 0 2 0 30
Sanganois 100 0 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0
Big Lake 70 0 6,500 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6,505 0 0 0 0 0 0 0 0 0
Spunky Bottoms 80 10 200 0 0 0 0 0 0 0 100 2,000 500 0 0 0 0 0 120 2,920 100 0 0 0 0 0 2 0 0
Meredosia Lake 100 10 100 0 0 0 0 0 500 0 0 0 0 0 0 0 110 0 0 710 0 0 0 0 0 2 1 0 0
TOTAL LOWER 35,230 5 4,600 0 650 0 3,780 150 1,350 27,800 5,405 700 4,450 1,245 1,705 0 1,225 88,295 3,840 910 300 35 5,120 11 11 0 1,035
TOTAL ILLINOIS 115,740 490 7,650 0 1,350 0 4,280 150 3,350 32,800 5,525 700 12,950 2,245 1,705 0 1,225 190,160 5,520 910 300 35 5,120 19 12 0 1,055
 10-Year Average 
2009-2018 143,281 468 26,246 0 34,781 722 26,421 9,789 2,821 20,973 2,187 74 14,461 744 1,087 45 178 284,277 3,990 1,104 96 199 20,316 20 21 79 289
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 2,430 0 0 0 0 0 0 0 0 200 0 0 50 0 20 0 5 2,705 935 0 0 0 0 0 0 0 35
Goose Lake 100 0 4,230 25 0 0 1,100 0 0 0 0 50 100 0 0 30 0 0 15 5,550 0 0 0 0 0 0 0 0 0
Senachwine Lake 100 0 1,800 50 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 2,850 0 0 0 0 0 1 1 0 0
Hitchcock Slough 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Douglas Lake 100 0 12,600 75 2,000 0 1,000 0 0 0 0 2,500 20 0 0 0 0 0 0 18,195 0 0 0 0 0 0 0 0 0
Goose Lake 100 0 42,000 100 1,000 0 0 0 0 0 100 0 0 0 1,800 0 0 0 0 45,000 300 0 0 0 0 0 0 0 0
Upper Peoria 100 0 5,100 25 0 0 0 0 0 0 3,000 0 4,000 0 4,400 1,760 0 0 0 18,285 50 0 0 0 0 2 0 0 0
Powerton 100 0 60 0 0 0 0 0 350 0 0 0 0 0 0 0 0 0 0 410 60 0 0 0 100 0 0 0 0
TOTAL UPPER 68,220 275 3,000 0 2,100 0 350 0 3,100 2,750 4,120 0 7,250 1,790 20 0 20 92,995 1,345 0 0 0 100 3 1 0 35
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0
Rice Lake 100 0 3,500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,500 300 300 0 0 0 1 1 0 90
Big Lake 100 0 5,920 15 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 5,945 15 0 0 0 0 1 0 0 0
Banner Marsh 100 0 1,400 0 0 0 0 0 1,110 0 0 0 0 0 0 0 0 0 0 2,510 465 0 0 0 0 0 0 0 300
Duck Creek 100 0 3,010 5 0 0 0 0 530 0 0 0 0 0 0 0 0 0 20 3,565 130 0 0 0 0 1 0 0 40
Clear Lake 100 0 2,500 0 0 0 0 0 0 0 20 0 0 0 350 0 0 0 10 2,880 500 0 0 0 0 0 0 0 0
Chautauqua 100 0 1,060 0 0 0 0 0 200 0 1,600 13,000 7,000 200 7,150 0 110 0 100 30,420 560 0 0 0 600 0 0 0 0
Emiquon/Spoon Btm 80 0 6,550 0 4,050 0 100 0 700 0 170 0 405 10 300 500 100 5 300 13,190 1,710 1,800 20 20 1,700 3 2 0 1,410
Grass Lake 100 0 205 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 215 0 0 0 0 0 0 0 0 0
Jack Lake 100 0 5 0 0 0 0 0 0 0 0 0 0 0 0 10 15 0 10 40 0 0 0 0 0 0 0 0 0
Stewart Lake 100 0 15 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 45 0 0 0 0 0 0 0 0 0
Crane Lake 100 0 970 0 0 0 0 5 100 0 0 0 0 0 0 20 110 0 20 1,225 55 0 0 0 0 1 1 0 0
Cuba Island 90 0 4,505 0 1,000 0 0 0 200 0 0 9,500 0 0 0 0 0 0 0 15,205 750 1,000 15 0 0 1 0 0 0
Sanganois 100 0 1,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 0 0 0 0 0
Big Lake 60 0 150 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 150 5 0 0 0 0 0 0 0 0
Spunky Bottoms 70 0 1,600 10 20 0 0 0 0 0 0 1,100 100 0 20 0 0 0 0 2,850 1,000 200 0 0 0 0 3 0 0
Meredosia Lake 90 0 400 0 0 0 0 0 400 0 0 100 0 0 0 0 0 0 0 900 100 0 0 0 0 1 1 0 0
TOTAL LOWER 32,810 30 5,070 0 100 5 3,240 0 1,790 23,710 7,505 210 7,820 560 345 5 460 83,660 5,590 3,300 35 20 2,300 9 8 0 1,840
TOTAL ILLINOIS 101,030 305 8,070 0 2,200 5 3,590 0 4,890 26,460 11,625 210 15,070 2,350 365 5 480 176,655 6,935 3,300 35 20 2,400 12 9 0 1,875
 10-Year Average 
2009-2018 157,858 689 15,443 0 18,815 25 14,617 7,249 1,982 9,593 2,069 15 13,899 663 601 51 230 243,798 4,396 2,507 562 118 8,186 26 22 51 364
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 0 200 0 0 0 10 0 0 0 0 100 0 0 200 0 10 5 100 625 845 0 0 0 50 0 0 0 15
Goose Lake 100 0 1,700 25 0 0 500 0 0 0 0 0 50 0 20 0 0 0 0 2,295 20 0 0 0 0 2 0 0 0
Senachwine Lake 100 0 2,600 110 0 0 0 0 0 0 0 10 0 0 510 0 0 0 0 3,230 0 0 0 0 0 0 0 0 0
Hitchcock Slough 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Douglas Lake 100 0 7,300 20 10 0 50 0 0 0 0 2,100 0 0 0 0 0 0 0 9,480 10 0 0 0 0 0 0 0 0
Goose Lake 90 0 20,500 100 100 0 0 0 0 0 0 2,000 0 0 0 0 0 0 0 22,700 0 0 0 0 0 0 1 0 0
Upper Peoria 100 0 12,500 110 0 0 0 0 0 0 1,000 0 500 0 7,200 3,000 0 0 100 24,410 0 0 0 0 0 3 0 0 0
Powerton 100 0 5 0 0 0 0 0 100 0 0 0 0 0 0 500 0 0 0 605 10 0 0 0 0 2 4 0 0
TOTAL UPPER 44,805 365 110 0 560 0 100 0 1,000 4,210 550 0 7,930 3,500 10 5 200 63,345 885 0 0 0 50 7 5 0 15
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rice Lake 100 0 3,505 10 0 0 0 0 100 0 0 0 0 0 0 0 5 0 0 3,620 70 0 0 0 0 4 0 0 20
Big Lake 100 0 4,610 0 0 0 0 0 0 0 100 10 0 0 0 0 0 0 0 4,720 20 0 0 0 0 0 0 0 0
Banner Marsh 100 0 1,710 0 0 0 0 0 950 0 0 0 10 0 0 0 0 0 0 2,670 300 0 0 0 0 1 0 0 400
Duck Creek 100 0 5,300 10 0 0 0 0 360 0 0 0 0 0 0 0 0 0 0 5,670 100 0 0 0 0 4 0 0 10
Clear Lake 100 0 2,000 5 0 0 0 0 0 0 0 0 0 0 300 0 0 0 0 2,305 500 0 0 0 0 3 0 0 0
Chautauqua 100 0 3,810 115 0 0 20 0 0 0 600 13,500 4,900 150 6,300 605 0 0 200 30,200 470 0 0 0 500 2 0 0 0
Emiquon/Spoon Btm 70 0 8,510 55 200 0 0 0 1,490 10 0 325 400 0 210 1,500 100 0 100 12,900 925 600 0 50 1,900 1 2 0 650
Grass Lake 100 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 3 0 0 0
Jack Lake 100 0 300 0 0 0 0 0 0 0 0 300 400 0 0 0 0 0 5 1,005 0 0 0 0 0 3 0 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Crane Lake 100 0 2,780 5 0 0 0 0 20 0 0 0 0 0 0 0 50 0 20 2,875 120 0 0 0 0 1 0 0 0
Cuba Island 100 0 13,000 75 500 0 0 0 200 0 0 8,100 10 0 0 0 0 0 0 21,885 700 1,000 0 0 0 0 0 0 0
Sanganois 100 0 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0
Big Lake 60 0 4,200 10 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 4,260 0 0 0 0 0 1 2 0 0
Spunky Bottoms 70 0 3,200 0 0 0 0 0 0 0 0 600 100 0 0 0 0 0 10 3,910 710 0 0 0 0 1 1 0 0
Meredosia Lake 100 0 2,650 0 0 0 100 0 300 0 0 100 0 0 0 0 0 0 10 3,160 100 0 0 0 0 1 0 0 0
TOTAL LOWER 55,875 285 700 0 120 0 3,420 10 700 22,935 5,820 150 6,860 2,105 155 0 345 99,480 4,015 1,600 0 50 2,400 26 5 0 1,080
TOTAL ILLINOIS 100,680 650 810 0 680 0 3,520 10 1,700 27,145 6,370 150 14,790 5,605 165 5 545 162,825 4,900 1,600 0 50 2,450 33 10 0 1,095
 10-Year Average 
2009-2018 150,042 689 7,336 0 14,984 0 10,428 4,018 2,163 11,114 1,489 30 9,056 1,294 545 299 291 213,776 5,172 2,458 1,274 50 8,371 31 25 12 352
 12/02/2019 BAEA
111
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM
DCCO SWN
Hennepin/Hopper 100 95 400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 400 860 200 0 0 0 0 0 0 0
Goose Lake 100 80 50 5 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 155 100 0 0 0 0 0 0 0 0
Senachwine Lake 100 80 600 20 0 0 0 0 0 0 100 0 0 0 100 1,150 0 225 0 2,195 200 0 0 0 0 0 1 0 0
Hitchcock Slough 100 90 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 110 125 0 0 0 0 0 0 0 0
Douglas Lake 100 80 1,200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,200 200 0 0 0 0 0 0 0 0
Goose Lake 100 70 27,000 100 0 0 500 0 0 0 0 0 0 0 0 500 0 100 0 28,200 0 0 0 0 0 0 0 0 0
Upper Peoria 100 10 5,250 0 0 0 0 0 0 0 2,500 0 1,550 0 2,600 5,700 0 230 0 17,830 100 0 0 0 0 0 0 0 0
Powerton 100 0 870 0 0 0 0 0 360 0 0 0 0 0 0 400 0 600 10 2,240 20 0 0 0 0 0 1 0 0
TOTAL UPPER 35,480 125 0 0 500 0 360 0 2,600 0 1,550 0 2,700 7,750 0 1,255 10 52,330 1,605 200 0 0 0 0 2 0 0
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 80 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 0 0 0 0 0 0 0 0
Rice Lake 100 40 115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 115 80 0 0 0 0 2 1 0 140
Big Lake 100 80 1,505 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,515 0 0 0 0 0 0 0 0 0
Banner Marsh 100 70 140 0 0 0 0 0 265 0 0 0 0 0 0 0 0 0 0 405 725 0 0 0 0 0 0 0 280
Duck Creek 100 0 9,475 0 0 0 0 0 1,520 0 0 0 0 0 0 0 0 0 0 10,995 650 0 0 0 0 3 0 5 65
Clear Lake 100 30 1,600 5 10 0 0 0 0 0 0 0 0 0 0 50 0 0 0 1,665 590 0 0 0 0 1 1 0 0
Chautauqua 100 50 4,115 20 0 0 0 0 0 0 700 6,000 2,700 0 2,610 1,105 0 0 0 17,250 1,020 0 0 0 0 1 1 0 5
Emiquon/Spoon Btm 70 70 4,000 0 200 0 0 0 200 0 0 0 150 0 100 2,200 50 100 0 7,000 835 3,600 2,000 5 400 10 6 0 1,605
Grass Lake 100 10 2,500 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 2,600 200 0 0 0 0 1 0 0 0
Jack Lake 100 10 300 0 0 0 0 0 0 0 0 0 200 0 100 380 15 0 0 995 0 0 0 0 0 0 0 0 0
Stewart Lake 100 10 0 0 0 0 0 0 0 0 50 0 0 0 0 510 10 0 0 570 0 0 0 0 0 0 0 0 0
Crane Lake 100 40 1,800 0 0 0 0 0 0 0 200 500 60 0 0 0 0 0 30 2,590 150 0 0 0 0 2 0 0 10
Cuba Island 100 70 4,100 10 50 0 0 0 0 0 0 1,000 150 0 0 50 0 0 0 5,360 1,250 1,600 0 0 0 0 0 0 100
Sanganois 100 50 3,700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,700 0 0 0 0 0 1 0 0 0
Big Lake 60 90 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 30 0 0 0 0 0 0 0 5
Spunky Bottoms 80 80 705 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 710 400 200 0 0 0 3 2 0 5
Meredosia Lake 100 30 4,300 0 0 0 0 0 0 0 50 100 0 0 0 0 0 100 0 4,550 35 0 0 0 0 0 0 0 0
TOTAL LOWER 38,460 45 260 0 0 0 1,985 0 1,000 7,600 3,260 0 2,810 4,400 75 200 30 60,125 5,975 5,400 2,000 5 400 24 11 5 2,215
TOTAL ILLINOIS 73,940 170 260 0 500 0 2,345 0 3,600 7,600 4,810 0 5,510 12,150 75 1,455 40 112,455 7,580 5,600 2,000 5 400 24 13 5 2,215
 10-Year Average 
2009-2018 169,487 634 9,382 0 4,691 0 5,877 1,333 3,039 4,717 2,516 31 7,284 3,927 685 918 409 214,931 7,915 4,396 2,877 18 3,354 39 36 3 494
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Goose Lake 100 90 350 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 450 130 0 0 0 0 0 0 0 5
Senachwine Lake 100 99 0 0 0 0 0 0 0 0 120 0 20 0 500 700 0 520 0 1,860 300 0 0 0 0 1 0 0 0
Hitchcock Slough 100 90 355 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 355 30 0 0 0 0 0 0 0 0
Douglas Lake 100 95 2,130 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,140 400 0 0 0 0 2 2 0 0
Goose Lake 100 80 4,700 65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,765 0 0 0 0 0 1 0 0 0
Upper Peoria 100 90 8,500 50 0 0 0 0 0 0 1,300 0 1,550 0 1,650 3,450 0 250 0 16,750 600 0 0 0 0 0 3 0 5
Powerton 100 50 200 0 0 0 0 0 0 0 0 0 0 0 100 100 0 750 0 1,150 5 0 0 0 0 1 16 0 0
TOTAL UPPER 16,235 125 0 0 0 0 0 0 1,420 0 1,570 0 2,250 4,250 0 1,620 0 27,470 1,465 0 0 0 0 5 21 0 10
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rice Lake 100 99 10 0 0 0 0 0 0 0 0 0 0 0 20 0 0 10 0 40 10 0 0 0 0 1 0 0 165
Big Lake 100 99 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 5 0 0 0 0 0 2 0 0 0
Banner Marsh 100 95 50 0 0 0 0 0 10 0 0 0 0 0 5 0 0 0 5 70 770 0 0 0 0 0 1 0 255
Duck Creek 100 10 21,800 0 0 0 0 0 200 0 0 1,000 0 0 0 100 0 500 0 23,600 4,400 10,500 0 0 0 2 1 0 645
Clear Lake 100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0
Chautauqua 100 99 3,500 30 0 0 0 0 0 0 0 0 100 0 0 50 0 0 0 3,680 275 50 0 0 0 3 5 0 120
Emiquon/Spoon Btm 70 95 220 0 200 0 0 0 0 0 0 0 0 0 2,005 3,000 0 1,500 0 6,925 400 270 0 0 0 2 2 0 100
Grass Lake 100 95 1,500 0 0 0 0 0 0 0 0 0 110 0 0 0 0 10 0 1,620 0 0 0 0 0 0 1 0 300
Jack Lake 100 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Stewart Lake 100 95 100 0 0 0 0 0 0 0 0 0 0 0 0 400 0 50 20 570 300 0 0 0 0 0 0 0 0
Crane Lake 100 95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Cuba Island 100 90 9,700 0 0 0 0 0 0 0 0 2,100 50 0 0 0 0 0 0 11,850 460 2,200 0 0 0 0 2 0 460
Sanganois 100 95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Big Lake 60 95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Spunky Bottoms 60 90 1,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 100 1,500 0 0 0 0 0 0 0
Meredosia Lake 100 95 3,250 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 3,260 300 200 0 0 0 0 4 0 0
TOTAL LOWER 41,130 30 200 0 0 0 210 0 0 3,110 260 0 2,035 3,550 0 2,070 25 52,620 7,065 14,720 0 0 0 11 16 0 2,045
TOTAL ILLINOIS 57,365 155 200 0 0 0 210 0 1,420 3,110 1,830 0 4,285 7,800 0 3,690 25 80,090 8,530 14,720 0 0 0 16 37 0 2,055
 10-Year Average 
2009-2018 123,678 527 2,691 0 6,269 6 4,487 1,772 949 4,440 273 31 4,609 1,848 119 1,383 298 153,380 10,658 5,254 4,278 23 2,232 39 32 10 573
 12/18/2019 BAEA
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Goose Lake 100 50 1,015 5 0 0 0 0 0 0 0 0 0 0 0 0 0 235 0 1,255 740 200 0 0 0 2 0 0 15
Senachwine Lake 100 80 1,550 0 0 0 0 0 0 0 400 0 300 0 0 1,700 0 2,400 0 6,350 1,115 0 0 0 0 3 6 0 0
Hitchcock Slough 100 20 290 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 290 410 0 0 0 0 0 0 0 5
Douglas Lake 100 90 700 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 705 100 0 0 0 0 2 0 0 0
Goose Lake 100 30 15,000 100 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 0 16,100 200 0 0 0 0 6 6 0 0
Upper Peoria 100 10 1,570 0 0 0 0 0 0 0 1,230 1,000 2,300 0 250 3,220 0 1,110 10 10,690 170 0 0 0 0 1 1 0 0
Powerton 100 60 2,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 600 0 2,600 10 0 0 0 0 2 4 0 0
TOTAL UPPER 22,125 110 0 0 0 0 0 0 1,630 1,000 2,600 0 1,250 4,920 0 4,345 10 37,990 2,745 200 0 0 0 16 17 0 20
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0
Rice Lake 100 99 50 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 70 100 0 0 0 0 1 0 0 80
Big Lake 100 99 150 0 0 0 0 0 5 0 0 0 0 0 0 10 0 0 0 165 0 0 0 0 0 0 0 0 0
Banner Marsh 100 99 100 0 0 0 0 0 250 0 0 0 0 0 0 0 0 0 0 350 750 0 0 0 0 0 0 0 240
Duck Creek 100 10 25,000 10 0 0 0 0 100 0 0 0 0 0 0 0 0 30 0 25,140 1,750 2,600 0 0 0 0 0 0 905
Clear Lake 100 99 1,620 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,620 1,275 0 0 0 0 1 5 0 0
Chautauqua 100 99 5,320 5 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 5,375 1,400 300 0 0 0 1 1 0 300
Emiquon/Spoon Btm 70 99 2,700 0 0 0 0 0 105 0 0 0 0 0 50 610 0 0 0 3,465 450 3,300 1,500 0 0 2 0 0 350
Grass Lake 100 99 3,500 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 3,600 1,000 3,100 0 0 0 0 0 0 300
Jack Lake 100 99 4,500 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 4,550 505 6,000 0 0 0 0 4 0 600
Stewart Lake 100 95 100 0 0 0 0 0 0 0 0 0 0 0 0 200 0 100 10 410 50 0 0 0 0 0 0 0 0
Crane Lake 100 99 1,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 830 200 0 0 0 2 0 0 0
Cuba Island 100 95 9,050 5 0 0 0 0 0 0 0 1,700 50 0 0 0 0 0 0 10,805 1,110 4,300 0 0 0 1 0 0 160
Sanganois 100 99 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0
Big Lake 60 90 50 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 55 50 0 0 0 0 1 9 0 0
Spunky Bottoms 30 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 15 0 0
Meredosia Lake 100 95 1,820 0 0 0 0 0 0 0 5 0 5 0 0 0 0 0 0 1,830 470 0 0 0 0 1 1 0 0
TOTAL LOWER 54,970 20 0 0 0 0 460 0 5 1,700 105 0 50 995 0 130 10 58,445 9,760 19,800 1,500 0 0 19 35 0 2,935
TOTAL ILLINOIS 77,095 130 0 0 0 0 460 0 1,635 2,700 2,705 0 1,300 5,915 0 4,475 20 96,435 12,505 20,000 1,500 0 0 35 52 0 2,955
 10-Year Average 
2009-2018 84,184 412 103 0 1,200 0 2,190 170 938 1,977 302 35 2,171 1,918 25 2,226 135 98,168 14,894 5,637 6,369 1 1,640 47 47 4 371
 12/23/2019 BAEA
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM
DCCO SWN
Hennepin/Hopper 100 0 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 0 410 615 100 0 0 0 2 0 0 10
Goose Lake 100 0 900 0 0 0 0 0 20 0 0 0 0 0 0 75 0 330 0 1,325 425 630 0 0 0 4 2 0 60
Senachwine Lake 95 0 1,950 10 0 0 0 0 0 0 0 0 20 0 1,000 100 0 220 0 3,300 600 0 0 0 0 0 0 0 0
Hitchcock Slough 100 0 120 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 220 0 0 0 0 0 0 0 0 0
Douglas Lake 100 0 5,500 0 0 0 0 0 110 0 0 100 0 0 0 100 0 0 0 5,810 500 200 0 0 0 0 0 0 0
Goose Lake 100 0 2,700 0 200 0 0 0 0 0 0 0 0 0 0 100 0 0 0 3,000 5 0 0 0 0 1 2 0 0
Upper Peoria 100 0 1,300 0 0 0 0 0 0 0 3,200 0 3,000 0 200 4,300 0 1,310 0 13,310 0 0 0 0 0 5 3 0 0
Powerton 100 0 50 0 0 0 0 0 100 0 0 0 0 0 0 100 0 250 0 500 255 0 0 0 200 1 2 0 0
TOTAL UPPER 12,630 10 200 0 0 0 230 0 3,200 100 3,020 0 1,200 4,875 0 2,410 0 27,875 2,400 930 0 0 200 13 9 0 70
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 455 0 0 0 0 0 0 0 0
Rice Lake 100 0 2,400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 0 2,700 600 5,500 1,500 0 0 1 0 0 70
Big Lake 100 0 600 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 610 25 0 0 0 0 0 0 0 0
Banner Marsh 100 20 170 0 0 0 0 0 80 0 0 0 0 0 0 10 0 0 20 280 320 0 0 0 0 0 0 0 220
Duck Creek 100 0 320 0 0 0 0 0 10 0 0 0 0 0 0 0 0 20 0 350 25 100 0 0 0 1 0 0 50
Clear Lake 100 0 8,100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8,100 330 0 0 0 0 0 1 0 0
Chautauqua 95 0 21,300 100 0 0 0 0 300 0 0 0 0 0 0 100 5 0 0 21,805 1,255 20,300 24,000 0 0 4 12 0 395
Emiquon/Spoon Btm 70 0 5,355 0 0 0 10 0 350 0 0 5 100 0 200 3,360 0 600 10 9,990 1,645 2,840 0 0 0 6 11 0 1,730
Grass Lake 100 0 650 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 650 20 1,000 3,000 0 0 0 0 0 25
Jack Lake 100 0 150 0 0 0 0 0 0 0 0 0 0 0 0 350 0 10 0 510 20 0 0 0 0 1 1 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 5 0 50 0 0 0 0 0 0 0
Crane Lake 100 0 460 0 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 570 520 0 0 0 0 0 0 0 2
Cuba Island 100 0 2,510 0 200 0 0 0 100 0 0 2,000 100 0 0 0 0 0 0 4,910 1,000 5,000 0 0 0 1 0 0 2
Sanganois 100 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0
Big Lake 60 0 100 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 105 350 500 0 0 0 0 0 0 0
Spunky Bottoms 30 0 310 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 310 155 200 0 0 0 2 0 0 1
Meredosia Lake 100 0 1,200 0 50 0 0 0 0 0 0 0 20 0 0 60 0 0 0 1,330 220 0 0 0 0 0 1 0 10
TOTAL LOWER 44,130 110 360 0 10 0 840 0 0 2,005 220 0 200 3,890 5 930 30 52,730 6,940 35,490 28,500 0 0 16 26 0 2,505
TOTAL ILLINOIS 56,760 120 560 0 10 0 1,070 0 3,200 2,105 3,240 0 1,400 8,765 5 3,340 30 80,605 9,340 36,420 28,500 0 200 29 35 0 2,575
 10-Year Average 
2009-2018 62,949 219 100 0 0 0 1,051 57 211 1,600 1,048 1 689 3,589 6 2,737 64 74,321 15,582 9,123 4,198 12 611 41 55 3 665
 01/02/2020 BAEA
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER ILLINOIS RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Hennepin/Hopper 100 20 100 0 10 0 0 0 0 0 0 0 0 0 0 150 0 305 0 565 875 3,500 0 0 0 0 0 0 55
Goose Lake 100 60 5,150 5 0 0 0 0 0 0 0 0 0 0 0 0 0 475 0 5,630 1,300 800 0 0 0 0 0 0 0
Senachwine Lake 90 10 2,750 20 0 0 0 0 0 0 50 0 0 0 0 410 0 80 0 3,310 130 100 0 0 0 0 0 0 0
Hitchcock Slough 100 30 700 0 0 0 0 0 0 0 0 0 0 0 0 50 0 40 0 790 0 0 0 0 0 2 1 0 0
Douglas Lake 90 30 3,900 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,910 300 100 0 0 0 1 0 0 0
Goose Lake 100 10 4,110 0 0 0 0 0 0 0 0 0 0 0 10 0 0 40 0 4,160 375 0 0 0 0 1 0 0 0
Upper Peoria 100 10 500 0 0 0 0 0 0 0 1,000 0 2,000 0 200 1,900 0 1,600 0 7,200 0 0 0 0 0 1 0 0 0
Powerton 100 0 0 0 0 0 0 0 75 0 0 0 0 0 100 0 0 450 0 625 610 0 0 5 110 3 2 0 0
TOTAL UPPER 17,210 35 10 0 0 0 75 0 1,050 0 2,000 0 310 2,510 0 2,990 0 26,190 3,590 4,500 0 5 110 8 3 0 55
LOWER ILLINOIS RIVER VALLEY 
Goose Lake 100 10 800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 800 315 500 0 0 0 0 0 0 0
Rice Lake 100 10 1,310 0 0 0 0 0 0 0 0 0 0 0 0 0 0 700 5 2,015 720 600 0 0 0 14 16 0 45
Big Lake 100 10 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0 0 200 0 0 0 0 0 2 0 0 0
Banner Marsh 100 30 300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 670 0 0 0 0 0 0 0 205
Duck Creek 100 0 3,405 5 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 3,510 330 0 0 0 0 3 0 0 115
Clear Lake 100 10 10,320 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 10,330 375 400 0 0 0 2 1 0 0
Chautauqua 95 10 7,705 20 150 0 0 0 0 0 0 200 0 0 0 600 0 0 0 8,675 1,320 300 0 0 0 7 10 0 385
Emiquon/Spoon Btm 70 30 3,650 20 100 0 0 0 455 0 0 0 0 0 0 1,715 0 2,305 10 8,255 1,080 4,610 500 0 0 17 17 0 615
Grass Lake 100 10 10 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 15 10 300 600 0 0 3 1 0 5
Jack Lake 100 10 500 0 0 0 0 0 0 0 0 0 0 0 0 100 0 50 0 650 0 0 0 0 0 1 1 0 0
Stewart Lake 100 10 0 0 0 0 0 0 0 0 0 0 0 0 0 110 0 20 0 130 0 0 0 0 0 0 0 0 0
Crane Lake 100 10 1,300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,300 300 300 0 5 0 0 0 0 0
Cuba Island 100 40 1,500 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 1,700 1,300 8,000 5 0 0 5 4 0 100
Sanganois 100 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Big Lake 60 10 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 20 0 40 0 0 0 0 0 5 3 0 0
Spunky Bottoms 80 10 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 400 800 0 0 0 2 2 0 20
Meredosia Lake 100 10 100 0 0 0 0 0 150 0 0 20 5 0 30 0 0 0 0 305 40 0 0 0 0 0 1 0 0
TOTAL LOWER 31,000 50 250 0 0 0 825 0 0 420 5 0 30 2,530 0 3,200 15 38,325 6,860 15,810 1,105 5 0 62 56 0 1,490
TOTAL ILLINOIS 48,210 85 260 0 0 0 900 0 1,050 420 2,005 0 340 5,040 0 6,190 15 64,515 10,450 20,310 1,105 10 110 70 59 0 1,545
 10-Year Average 
2009-2018 79,815 192 33 0 0 0 1,050 50 957 733 3,800 0 1,267 5,518 3 4,105 28 97,552 17,800 9,892 40,833 0 200 47 35 2 594
 01/08/2020 BAEA
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
ILLINOIS RIVER VALLEY Date:  February 28, 2020 Observer:  Aaron Yetter Pilot:  Mike Cruce
   LOCATION % WET % ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWAN
Turner Lake 100 10 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 105 0 605 310 0 0 0 0 3 2 0 0
Depue, Spring 100 20 100 15 0 0 0 0 0 0 0 0 0 0 0 0 0 345 0 460 95 0 0 0 0 4 12 0 0
Coleman Lake 100 70 300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 400 0 700 0 0 0 0 0 0 0 0 0
Bureau Ponds 60 70 3,500 0 200 0 0 0 0 0 0 0 50 0 0 0 0 0 0 3,750 150 5,000 0 0 0 0 0 0 0
Goose Lake 100 20 500 10 0 0 0 0 0 0 30 0 0 0 100 0 0 200 0 840 240 0 0 0 0 1 1 0 5
Senachwine Lake 90 10 800 10 0 0 0 0 0 0 150 0 0 0 150 0 0 50 0 1,160 45 0 5,000 0 0 1 1 0 0
Hennepin/Hopper 100 10 10 0 0 0 0 0 0 0 45 0 50 0 0 10 0 60 0 175 215 4,000 0 0 0 0 0 0 50
Swan Lake 100 40 1,210 15 0 0 0 0 0 0 20 0 0 0 0 0 0 140 0 1,385 110 0 0 0 0 2 1 0 5
Sawmill Lake 100 10 1,350 10 0 0 0 0 100 0 100 0 0 0 0 0 0 170 0 1,730 505 1,000 0 0 0 0 0 0 0
Billsbach Lake 100 10 500 0 0 0 0 0 0 0 5 0 0 0 0 0 0 960 0 1,465 305 0 0 0 3 2 0 0 0
Weis Lake 100 10 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 200 100 0 0 0 0 0 0 0 0
Sparland 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 100 0 0 0 0 0 0 0 0 0
Wightman Lake 100 10 710 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 715 50 0 0 0 0 0 0 0 0
Sawyer Slough 100 10 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 15 155 0 0 0 0 0 0 0 0
Hitchcock Slough 100 10 500 10 0 0 0 0 0 0 0 0 0 0 0 0 0 105 0 615 50 0 0 0 0 1 0 0 0
Babbs Slough 90 10 2,400 10 0 0 0 0 0 0 0 0 0 0 15 0 0 10 0 2,435 355 0 0 0 0 0 0 0 0
Meadow Lake 100 10 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 20 0 70 55 0 0 0 0 0 0 0 0
Douglas Lake 100 10 1,900 5 0 0 0 0 0 0 10 0 0 0 0 60 0 410 0 2,385 0 0 0 0 0 0 0 0 0
Goose Lake 100 10 100 0 0 0 0 0 0 0 0 0 0 0 500 0 0 130 0 730 0 500 0 0 0 1 0 0 0
Upper Peoria 100 0 100 0 0 0 0 0 100 0 650 0 210 0 100 100 0 1,510 0 2,770 110 0 0 0 0 4 1 0 0
Lower Peoria 100 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0
Total Upper Illinois 14,685 85 200 0 0 0 200 0 1,160 0 310 0 865 170 0 4,725 5 22,405 2,850 10,500 5,000 0 3 19 18 0 60
Pekin Lake 100 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 5 0 0 0 0 0 1 0 0 0
Powerton Lake 100 0 10 0 0 0 0 0 185 0 5 10 0 0 0 0 0 5 10 225 195 0 0 0 60 2 6 20 0
Spring Lake 100 10 150 0 50 0 0 0 120 0 0 0 0 0 0 20 0 35 0 375 155 820 0 0 0 0 0 0 150
Spring Lake Bottoms 100 10 660 0 10 0 0 0 100 20 0 50 0 0 0 0 0 0 0 840 60 4,000 0 0 0 0 0 0 100
Goose Lake 100 10 620 10 0 0 0 0 0 0 10 0 0 0 0 0 0 50 0 690 55 0 0 0 0 1 0 0 0
Rice Lake 100 10 4,520 35 50 0 0 0 100 50 100 0 0 0 100 20 0 370 20 5,365 20 6,000 0 0 0 9 29 0 700
Big Lake 100 10 300 0 0 0 0 0 0 0 0 0 0 0 50 0 0 590 0 940 0 600 200,000 0 0 2 2 0 0
Banner Marsh 90 30 410 0 0 0 0 0 110 0 0 0 0 0 0 50 0 40 5 615 440 2,200 0 0 0 0 0 0 120
Duck Creek 100 30 200 5 0 0 0 0 60 0 0 0 0 50 0 10 0 380 0 705 30 210 5 0 0 1 2 0 5
Clear Lake 100 10 2,235 0 100 0 0 0 100 0 200 0 50 0 200 100 0 535 0 3,520 105 0 0 0 0 4 4 0 0
North Pool 100 10 200 0 0 0 0 0 0 0 1,300 0 270 50 100 110 0 10 0 2,040 50 0 0 0 0 0 0 0 0
South Pool 100 20 1,100 0 0 0 0 0 100 0 450 0 100 50 300 450 0 200 0 2,750 190 50 0 0 0 3 3 0 5
Chautauqua 100 20 1,300 0 0 0 0 0 100 0 1,750 0 370 100 400 560 0 210 0 4,790 240 50 0 0 0 3 3 0 5
Quiver Creek 100 10 550 0 0 0 0 0 200 0 0 800 0 0 0 0 0 0 0 1,550 380 0 0 0 0 0 0 0 5
Quiver Lake 100 10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 5 0 25 5 0 0 0 0 4 4 0 0
Thompson/Flag Lake 80 10 310 0 0 0 0 0 510 0 500 250 1,650 100 230 120 0 1,510 0 5,180 740 6,200 52,000 0 0 3 2 250 665
North Globe 70 10 2,600 0 4,100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6,700 10 2,000 0 0 0 0 0 0 5
Dickson Mounds 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 50 0 0 0 0 0 0 0 0 0
South Globe 90 20 500 0 200 0 0 0 0 0 200 0 0 0 0 0 0 0 0 900 10 0 0 0 0 0 1 0 85
Wilder/Bellrose 90 20 2,000 0 300 0 0 0 500 0 100 1,000 1,000 300 0 0 0 100 0 5,300 50 1,000 0 0 0 0 0 0 1,000
Spoon River Btms 10 50 50 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0 0 250 0 0 0 0 0 0 0 0 10
Emiquon/Spoon Btm 70 10 5,460 0 4,600 0 0 0 1,210 0 800 1,250 2,650 400 230 120 0 1,660 0 18,380 810 9,200 52,000 0 0 3 3 250 1,765
Matanza Lake 100 10 125 0 0 0 0 0 100 0 0 0 0 0 0 0 0 20 0 245 470 200 0 0 0 0 0 0 0
Bath Lake 100 10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 70 210 500 0 0 0 0 1 0 0
Moscow Lake 100 20 0 0 0 0 0 0 0 0 100 700 100 0 0 0 0 190 0 1,090 20 0 0 0 0 0 1 0 0
Jack Lake 100 0 0 0 0 0 0 0 0 0 500 100 100 0 200 0 0 20 0 920 0 0 210,000 0 0 3 1 0 0
Grass Lake 100 20 30 0 0 0 0 0 0 0 0 0 0 0 0 20 0 330 0 380 0 0 0 0 0 0 0 0 5
Anderson Lake 90 10 310 0 0 0 0 0 100 0 450 100 2,500 0 0 100 0 820 0 4,380 140 6,000 0 0 0 1 1 0 30
Snicarte Slough 90 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 5 70 0 0 0 0 1 1 0 0
Ingram Lake 100 0 30 0 0 0 0 0 0 0 0 0 0 0 50 0 0 110 0 190 0 100 65,000 0 0 0 0 0 0
Chain Lake 100 10 0 0 0 0 0 0 0 0 100 100 1,700 100 0 50 0 250 0 2,300 5 0 0 0 0 0 0 0 0
Stewart Lake 100 10 0 0 0 0 0 0 0 0 0 0 0 0 50 120 0 160 0 330 100 0 0 0 0 2 0 0 0
Crane Lake 100 10 900 0 1,100 0 0 0 200 0 100 0 500 0 0 55 0 520 0 3,375 515 500 0 0 0 1 5 0 140
Cuba Island 100 10 1,400 0 1,000 0 0 0 200 100 50 3,200 0 0 0 0 0 100 0 6,050 220 2,000 0 0 0 2 0 0 345
Sanganois 100 10 200 0 100 0 0 0 0 0 500 500 150 0 0 100 0 110 0 1,660 0 500 0 0 0 0 0 0 80
Treadway Lake 100 0 1,000 0 0 0 0 0 0 0 0 0 50 0 0 20 0 20 0 1,090 105 0 0 0 0 1 0 0 0
Muscooten Bay 100 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 100 0 0 0 0 0 0 0 0 0
Big Lake 70 10 3,200 0 4,500 0 0 0 200 0 0 20 5 0 0 0 0 400 0 8,325 105 500 30,000 0 0 1 4 0 20
Meredosia Lake 100 10 2,615 0 5,100 0 0 0 50 0 330 0 2,000 0 50 30 0 240 0 10,415 15 0 7,000 0 0 1 1 0 0
Smith Lake 100 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 145 0 0 0 0 0 1 0 0
Spunky Bottoms 100 10 1,100 0 1,100 0 0 0 300 0 200 500 1,500 0 0 0 0 100 0 4,800 220 3,100 0 0 0 1 1 0 105
Total Lower Illinois 27,345 50 17,710 0 0 0 3,435 170 5,195 7,330 11,675 650 1,330 1,375 10 7,440 35 83,750 4,835 36,480 564,005 0 60 44 70 270 3,575
Total Illinois 42,030 135 17,910 0 0 0 3,635 170 6,355 7,330 11,985 650 2,195 1,545 10 12,165 40 106,155 7,685 46,980 569,005 0 63 63 88 270 3,635
Eagle
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
ILLINOIS RIVER VALLEY Date:  March 4, 2020 Observer:  Aaron Yetter Pilot:  Mike Cruce
   LOCATION % WET % ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME
TOTAL 
DUCKS
CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWAN
Turner Lake 100 0 810 0 100 0 0 0 100 0 100 0 0 0 0 0 0 10 0 1,120 20 200 0 0 0 0 0 0 0
Depue, Spring 100 0 950 0 0 0 0 0 305 0 0 100 0 0 0 0 0 220 5 1,580 100 0 0 0 0 0 1 0 0
Coleman Lake 100 0 250 0 150 0 0 0 100 0 0 0 0 0 0 0 0 420 0 920 10 0 0 0 0 1 2 0 0
Bureau Ponds 60 0 1,200 0 150 0 0 0 0 0 100 500 0 0 0 0 0 0 0 1,950 20 0 0 0 0 0 0 0 0
Goose Lake 100 10 5,000 10 1,900 0 0 0 300 0 1,250 910 2,000 0 0 190 0 290 0 11,850 410 5,000 0 0 0 0 2 0 150
Senachwine Lake 90 0 800 0 1,000 0 0 0 0 0 600 0 50 0 200 100 0 0 0 2,750 5 0 1,000 0 0 1 0 0 0
Hennepin/Hopper 100 0 60 0 0 0 0 0 0 0 1,010 100 800 0 100 660 50 20 0 2,800 135 3,000 0 5 0 0 0 0 50
Swan Lake 100 0 500 0 200 0 100 0 100 0 50 0 0 0 0 0 0 0 0 950 50 0 0 0 0 0 0 0 0
Sawmill Lake 100 0 200 0 100 0 0 0 0 0 500 0 200 0 0 0 0 0 0 1,000 210 0 0 0 0 1 0 0 0
Billsbach Lake 100 0 800 0 100 0 0 0 100 100 300 50 100 0 150 0 0 0 0 1,700 75 0 0 0 0 0 2 0 0
Weis Lake 100 0 10 0 0 0 0 0 0 0 5 0 0 0 0 110 0 10 0 135 10 0 0 0 0 0 0 0 0
Sparland 100 0 0 0 0 0 0 0 0 0 50 0 100 0 0 50 0 55 0 255 10 0 0 0 0 0 0 0 0
Wightman Lake 100 0 10 0 0 0 0 0 10 0 300 0 0 0 0 0 0 0 0 320 5 0 0 0 0 0 0 0 0
Sawyer Slough 100 0 50 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 60 0 0 0 0 0 0 0 0 0
Hitchcock Slough 100 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 10 5 0 65 5 0 0 0 0 0 2 0 0
Babbs Slough 100 0 2,000 0 1,000 0 0 0 0 0 450 0 0 0 0 210 0 30 0 3,690 0 0 0 0 0 0 0 0 0
Meadow Lake 100 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 40 0 0 0 0 0 1 0 0
Douglas Lake 100 0 2,420 0 600 0 1,300 0 400 0 450 1,200 40 0 100 50 0 35 0 6,595 25 0 0 0 0 1 0 0 10
Goose Lake 100 0 850 10 0 0 0 0 0 0 405 0 50 0 400 110 0 100 0 1,925 15 0 0 0 0 0 0 0 0
Upper Peoria 100 0 500 0 0 0 0 0 0 0 1,010 0 100 0 100 1,830 0 170 0 3,710 0 0 0 0 0 0 0 0 0
Lower Peoria 100 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 30 0 130 20 0 0 0 0 0 1 0 0
Total Upper Illinois 16,415 20 5,300 0 1,400 0 1,465 110 6,680 2,860 3,440 0 1,050 3,310 60 1,395 5 43,510 1,165 8,200 1,000 5 0 4 11 0 210
Pekin Lake 100 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0
Powerton Lake 100 0 50 0 0 0 0 0 360 0 50 0 0 0 0 40 0 5 0 505 65 0 0 0 50 0 0 0 10
Spring Lake 100 0 200 0 0 0 0 0 40 0 0 0 0 0 0 0 0 0 0 240 120 0 0 0 0 0 0 0 60
Spring Lake Bottoms 100 0 1,850 0 50 0 0 0 450 250 0 400 0 0 0 0 0 0 0 3,000 70 500 0 0 0 0 0 0 0
Goose Lake 100 0 0 0 0 0 0 0 100 0 10 0 0 0 0 30 0 0 0 140 20 20 0 0 0 0 1 0 0
Rice Lake 100 0 4,200 0 100 0 200 0 550 200 850 500 0 0 200 150 0 15 0 6,965 40 100 0 15 0 4 14 0 205
Big Lake 100 0 1,000 0 0 0 0 0 20 0 400 0 0 0 100 0 0 80 0 1,600 0 200 100 0 0 0 8 0 0
Banner Marsh 90 0 25 0 0 0 0 0 475 0 0 0 0 0 0 0 0 40 0 540 150 0 0 0 0 2 0 0 60
Duck Creek 100 10 110 0 0 0 0 0 10 0 0 0 0 0 0 60 0 240 0 420 45 0 0 0 0 0 0 0 5
Clear Lake 100 0 2,000 0 100 0 500 0 100 200 200 2,500 55 0 300 150 0 110 0 6,215 60 0 0 0 0 2 0 0 0
North Pool 100 0 100 0 0 0 0 0 100 0 1,500 1,200 1,100 20 1,100 0 10 0 0 5,130 110 0 0 0 0 0 0 0 0
South Pool 100 0 300 0 0 0 0 0 0 0 3,300 500 505 0 0 0 0 130 0 4,735 0 0 0 10 0 3 8 0 5
Chautauqua 100 0 400 0 0 0 0 0 100 0 4,800 1,700 1,605 20 1,100 0 10 130 0 9,865 110 0 0 10 0 3 8 0 5
Quiver Creek 100 0 300 0 0 0 100 0 750 0 0 300 0 0 0 0 0 0 0 1,450 100 0 0 0 0 0 0 0 0
Quiver Lake 100 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 55 0 0 0 0 0 1 4 0 0
Thompson/Flag Lake 80 0 1,640 0 2,000 0 150 0 900 0 350 200 850 0 0 100 50 185 0 6,425 235 4,600 15,000 110 500 3 2 0 540
North Globe 70 0 2,010 0 3,000 0 200 0 0 200 0 0 0 0 0 10 0 0 0 5,420 10 200 0 0 0 0 0 0 100
Dickson Mounds 100 0 0 0 0 0 0 0 0 0 500 100 300 0 0 0 0 0 0 900 10 0 0 0 0 0 0 0 0
South Globe 80 0 2,500 0 7,000 0 300 0 200 0 0 0 0 0 0 0 0 0 0 10,000 0 0 0 50 0 0 0 0 300
Wilder/Bellrose 100 0 700 0 700 0 0 0 600 100 1,000 9,000 2,000 100 0 0 0 0 0 14,200 0 0 0 0 0 2 0 0 200
Spoon River Btms 10 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0
Emiquon/Spoon Btm 100 0 6,860 0 12,700 0 650 0 1,700 300 1,850 9,300 3,150 100 0 110 50 185 0 36,955 255 4,800 15,000 160 500 5 2 0 1,140
Matanza Lake 100 0 200 0 150 0 0 0 100 100 10 0 0 0 0 5 10 0 0 575 0 0 5 0 0 0 0 0 0
Bath Lake 100 0 55 0 0 0 0 0 0 5 20 300 0 0 0 0 5 5 0 390 70 30 0 0 0 0 0 0 20
Moscow Lake 100 0 0 0 0 0 0 0 0 0 50 2,100 50 0 0 0 0 5 0 2,205 25 0 0 0 0 0 1 0 0
Jack Lake 100 0 100 0 0 0 0 0 0 0 2,100 0 0 0 200 0 0 10 0 2,410 5 0 65,000 0 0 0 2 0 0
Grass Lake 100 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 10 50 0 160 0 0 0 0 0 0 0 0 0
Anderson Lake 90 0 1,000 0 2,000 0 500 0 0 0 900 100 9,000 0 200 20 0 100 0 13,820 0 3,000 0 0 0 0 0 0 0
Snicarte Slough 90 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 100 10 0 0 0 0 0 0 0 0
Ingram Lake 100 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 20 0 25 10 0 0 0 0 0 0 0 0
Chain Lake 100 0 0 0 0 0 0 0 0 0 300 1,000 3,600 100 200 0 0 20 0 5,220 0 0 0 0 0 1 0 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 110 0 0 20 0 130 50 0 0 0 0 0 0 0 0
Crane Lake 100 0 3,200 0 1,300 0 400 0 500 0 1,300 500 1,300 0 100 0 0 130 10 8,740 110 200 0 0 0 1 1 0 65
Cuba Island 100 0 800 0 100 0 1,100 0 800 400 210 5,000 0 0 0 0 0 5 0 8,415 0 500 0 0 0 0 0 0 5
Sanganois 100 0 100 0 0 0 0 0 100 0 200 500 3,000 0 0 0 0 0 0 3,900 0 0 0 0 0 0 0 0 0
Treadway Lake 100 0 20 0 0 0 0 0 0 0 110 0 20 0 0 0 0 0 0 150 50 0 0 0 0 2 1 0 0
Muscooten Bay 100 0 0 0 0 0 0 0 0 0 50 500 0 0 0 0 0 0 0 550 0 0 0 0 0 0 1 0 0
Big Lake 70 0 4,000 0 7,600 0 1,000 0 700 700 200 500 0 0 0 10 0 0 0 14,710 15 100 2,000 0 0 2 2 0 30
Meredosia Lake 100 0 2,250 0 1,000 0 0 0 200 300 1,300 500 50 0 0 0 110 0 0 5,710 40 0 200 0 0 1 0 0 0
Smith Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0
Spunky Bottoms 100 0 4,000 0 4,000 0 700 0 200 0 500 5,300 700 0 0 0 0 30 0 15,430 400 0 0 0 0 0 0 0 55
Total Lower Illinois 32,770 0 29,100 0 5,250 0 7,260 2,455 15,460 31,100 22,530 220 2,510 575 195 1,205 10 150,640 1,825 9,450 82,305 185 550 24 45 0 1,660
Total Illinois 49,185 20 34,400 0 6,650 0 8,725 2,565 22,140 33,960 25,970 220 3,560 3,885 255 2,600 15 194,150 2,990 17,650 83,305 190 550 28 56 0 1,870
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
ILLINOIS RIVER VALLEY Date:  March 10, 2020 Observer:  Aaron Yetter Pilot:  Mike Cruce
   LOCATION % WET % ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME
TOTAL 
DUCKS
CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWAN
Turner Lake 90 0 260 0 0 0 30 0 5 0 300 0 0 0 0 0 10 0 10 615 15 0 0 0 0 0 0 0 0
Depue, Spring 100 0 60 0 20 0 400 0 860 0 0 0 15 0 0 0 0 0 0 1,355 15 0 0 60 0 0 0 0 0
Coleman Lake 100 0 50 0 0 0 100 10 50 200 0 0 0 0 0 0 0 50 0 460 10 0 0 0 0 1 0 0 0
Bureau Ponds 100 0 700 0 0 0 50 0 50 50 0 0 0 0 0 0 0 0 0 850 10 0 0 0 0 0 0 0 0
Goose Lake 100 0 800 0 400 0 700 0 300 500 155 1,510 905 100 1,150 0 0 10 0 6,530 40 0 0 0 0 3 2 0 5
Senachwine Lake 100 0 500 5 500 0 400 0 100 150 350 0 100 0 1,020 0 0 15 50 3,190 5 0 3,000 0 0 1 0 0 0
Hennepin/Hopper 100 0 485 0 485 0 485 100 485 485 2,040 0 980 100 970 335 0 0 0 6,950 175 5,000 500 0 2,910 1 2 0 10
Swan Lake 100 0 950 0 50 0 500 0 100 100 350 400 10 10 300 0 0 0 10 2,780 10 0 0 0 0 0 0 0 0
Sawmill Lake 90 0 1,110 0 20 0 100 0 10 0 600 0 10 0 300 0 0 0 0 2,150 55 0 0 0 0 0 2 0 0
Billsbach Lake 100 0 100 0 0 0 0 0 150 0 200 1,300 50 0 750 0 0 0 0 2,550 5 0 0 0 0 0 1 0 0
Weis Lake 100 0 160 0 10 0 0 0 150 0 10 0 0 0 0 10 0 0 0 340 5 0 0 0 0 0 0 0 0
Sparland 100 0 400 0 0 0 0 0 0 0 230 500 10 0 370 0 0 0 0 1,510 0 0 0 0 0 2 0 0 0
Wightman Lake 100 0 30 5 0 0 0 0 100 35 250 0 5 0 150 0 0 0 0 575 5 0 0 0 0 0 0 0 0
Sawyer Slough 100 0 150 0 0 0 200 0 110 0 10 450 0 0 0 0 0 0 0 920 20 0 0 0 0 3 1 0 0
Hitchcock Slough 100 0 10 0 0 0 0 0 0 0 10 350 0 0 0 0 0 0 0 370 20 0 0 0 0 0 0 0 0
Babbs Slough 90 0 5 0 0 0 0 0 100 0 600 0 10 0 1,310 0 0 0 0 2,025 5 0 0 0 0 0 1 0 0
Meadow Lake 100 0 10 0 0 0 0 0 0 0 400 100 5 0 1,000 0 0 0 0 1,515 5 0 0 0 0 0 0 0 0
Douglas Lake 100 0 1,010 0 60 0 700 0 925 100 100 2,500 510 0 500 0 0 0 20 6,425 0 0 0 0 200 0 1 0 5
Goose Lake 100 0 660 0 10 0 50 0 0 0 10,800 2,100 200 0 400 0 0 0 0 14,220 25 0 0 5 0 0 0 0 0
Upper Peoria 100 0 0 0 0 0 0 0 0 0 15,150 100 200 0 1,420 250 0 10 0 17,130 0 0 0 0 0 3 4 0 0
Lower Peoria 100 0 0 0 0 0 0 0 0 0 910 0 0 0 100 0 0 0 0 1,010 20 0 0 0 0 1 0 0 0
Total Upper Illinois 7,450 10 1,555 0 3,715 110 3,495 1,620 32,465 9,310 3,010 210 9,740 595 10 85 90 73,470 445 5,000 3,500 65 3,110 15 14 0 20
Pekin Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Powerton Lake 100 0 0 0 0 0 0 0 100 10 410 40 5 0 50 0 0 0 0 615 40 0 0 0 200 1 0 20 0
Spring Lake 100 0 500 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 550 30 0 0 0 0 1 1 0 50
Spring Lake Bottoms 100 0 350 0 0 0 50 10 400 100 100 600 100 0 0 0 0 0 0 1,710 30 500 0 0 200 0 1 0 20
Goose Lake 100 0 10 0 100 0 0 0 0 20 0 0 0 0 0 0 10 0 0 140 20 0 0 0 0 1 2 0 0
Rice Lake 100 0 4,500 0 110 0 1,150 0 800 1,200 1,500 500 610 300 1,000 0 0 0 0 11,670 150 500 0 0 0 5 2 0 10
Big Lake 100 0 10 0 0 0 0 0 300 0 500 0 10 0 0 0 0 0 0 820 0 0 0 0 50 1 2 0 0
Banner Marsh 90 0 60 0 0 0 0 0 120 0 0 0 0 0 0 20 0 0 0 200 175 0 0 0 0 0 1 0 20
Duck Creek 100 0 0 0 0 0 0 0 100 0 0 0 0 0 10 0 0 45 0 155 10 100 0 0 0 1 1 10 0
Clear Lake 100 0 35 0 0 0 250 0 10 70 930 1,000 0 0 800 0 5 15 0 3,115 15 0 10 0 0 2 4 0 0
North Pool 100 0 0 0 0 0 0 0 0 0 5,100 400 300 50 2,900 0 0 0 0 8,750 0 0 0 0 50 0 0 0 0
South Pool 100 0 200 0 0 0 0 0 300 0 2,050 3,000 1,800 0 2,500 0 100 0 0 9,950 0 0 0 0 200 1 4 0 0
Chautauqua 100 0 200 0 0 0 0 0 300 0 7,150 3,400 2,100 50 5,400 0 100 0 0 18,700 0 0 0 0 250 1 4 0 0
Quiver Creek 100 0 150 0 0 0 300 0 350 0 0 1,300 0 0 0 0 0 0 0 2,100 35 0 0 0 0 2 0 0 0
Quiver Lake 100 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10 15 0 0 0 0 2 0 0 0
Thompson/Flag Lake 80 0 295 0 210 0 310 50 2,000 380 150 1,770 350 0 100 0 5 10 0 5,630 205 320 5,000 0 9,450 0 0 0 280
North Globe 70 0 200 0 0 0 300 0 300 200 0 0 20 0 0 0 0 0 0 1,020 0 0 0 0 0 0 0 0 0
Dickson Mounds 100 0 0 0 0 0 0 0 0 0 100 0 200 0 0 0 0 0 0 300 0 0 0 0 0 0 0 0 0
South Globe 80 0 200 0 50 0 700 0 100 300 800 1,000 100 0 100 0 0 0 0 3,350 0 0 0 0 0 2 0 0 100
Wilder/Bellrose 90 0 200 0 0 0 200 0 200 50 500 1,200 500 100 0 0 0 0 0 2,950 0 0 0 0 100 0 0 0 0
Spoon River Btms 20 0 50 0 0 0 150 0 50 0 0 0 0 0 0 0 0 0 0 250 0 0 0 0 0 2 0 0 0
Emiquon/Spoon Btm 100 0 945 0 260 0 1,660 50 2,650 930 1,550 3,970 1,170 100 200 0 5 10 0 13,500 205 320 5,000 0 9,550 4 0 0 380
Matanza Lake 100 0 200 0 50 0 400 0 200 200 0 700 0 0 0 0 0 0 0 1,750 0 0 0 0 0 1 2 0 0
Bath Lake 100 0 10 0 0 0 10 0 0 0 400 1,500 300 0 0 0 0 0 0 2,220 35 0 0 0 0 0 0 0 0
Moscow Lake 100 0 50 0 50 0 50 0 50 0 100 1,000 100 0 0 0 0 0 0 1,400 0 0 0 0 0 0 0 0 0
Jack Lake 100 0 0 0 0 0 0 0 0 0 50 0 0 0 300 0 0 0 0 350 10 0 5 0 0 3 4 0 0
Grass Lake 100 0 0 0 0 0 0 0 100 0 200 0 0 0 260 0 0 0 0 560 5 0 0 0 0 0 1 0 0
Anderson Lake 100 0 210 0 0 0 300 0 100 0 810 3,100 4,000 0 900 0 0 0 0 9,420 110 0 20 0 0 0 0 10 0
Snicarte Slough 100 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0
Ingram Lake 100 0 5 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 15 0 0 0 0 0 0 0 0 0
Chain Lake 100 0 10 0 0 0 0 0 150 0 200 0 1,200 0 50 0 0 0 0 1,610 0 0 0 0 0 1 0 0 0
Stewart Lake 100 0 0 0 0 0 0 0 0 0 110 0 0 0 170 0 0 0 0 280 0 0 0 0 0 0 0 0 0
Crane Lake 100 0 60 0 0 0 0 0 380 100 200 2,100 0 0 0 0 0 20 0 2,860 10 0 0 10 300 0 0 0 30
Cuba Island 100 0 1,050 0 100 0 600 50 2,000 900 200 4,550 0 0 0 0 0 5 0 9,455 100 100 0 0 100 0 0 0 10
Sanganois 100 0 500 0 0 0 0 0 200 0 1,110 3,000 2,000 100 0 0 10 0 0 6,920 0 0 0 0 10 0 0 0 0
Treadway Lake 100 0 250 0 0 0 0 0 150 0 2,100 1,200 100 0 0 0 0 0 0 3,800 5 0 0 0 0 0 0 0 0
Muscooten Bay 100 0 0 0 0 0 0 0 100 0 100 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0
Big Lake 100 0 150 0 0 0 1,200 0 200 510 0 400 0 0 0 0 0 0 0 2,460 0 0 0 0 0 0 1 0 10
Meredosia Lake 100 0 2,300 0 0 0 900 0 110 600 50 0 10 0 0 100 50 20 5 4,145 20 0 0 0 50 2 1 150 0
Smith Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 0 30 0 0 0 0 0 0 0 0 0
Spunky Bottoms 100 0 950 0 150 0 300 0 700 600 2,100 7,100 3,200 0 0 0 0 0 0 15,100 105 150 0 0 0 0 0 0 10
Total Lower Illinois 12,555 0 820 0 7,180 110 9,570 5,240 19,870 35,460 14,905 550 9,150 170 180 145 5 115,910 1,125 1,670 5,035 10 10,710 28 27 190 540
Total Illinois 20,005 10 2,375 0 10,895 220 13,065 6,860 52,335 44,770 17,915 760 18,890 765 190 230 95 189,380 1,570 6,670 8,535 75 13,820 43 41 190 560
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
ILLINOIS RIVER VALLEY Date:  March 17, 2020 Observer:  Aaron Yetter Pilot:  Mike Cruce
   LOCATION % WET % ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME
TOTAL 
DUCKS
CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWAN
Turner Lake 90 0 100 0 0 0 50 0 5 175 60 0 0 0 0 0 0 5 0 395 35 0 0 0 0 0 0 0 0
Depue, Spring 100 0 40 0 0 0 200 0 110 405 100 0 0 0 0 0 5 5 0 865 35 0 0 0 0 1 2 0 0
Coleman Lake 100 0 30 0 0 0 20 0 100 20 60 0 0 0 0 0 0 5 0 235 0 0 0 0 0 1 0 0 0
Bureau Ponds 100 0 80 0 0 0 80 0 30 0 0 0 0 0 0 0 0 0 0 190 5 0 0 0 0 0 0 0 0
Goose Lake 100 0 150 0 0 0 1,000 0 115 100 290 200 200 0 250 0 10 40 0 2,355 20 0 0 5 200 0 0 0 5
Senachwine Lake 100 0 100 5 0 0 200 0 0 110 100 0 0 0 250 0 10 0 0 775 0 0 0 0 0 0 1 0 0
Hennepin/Hopper 100 0 100 0 0 0 50 0 250 0 4,000 0 650 130 2,600 130 1,350 0 0 9,260 60 1,000 100 0 4,290 0 0 0 15
Swan Lake 90 0 60 0 0 0 130 0 0 120 240 1,400 100 0 100 0 0 0 5 2,155 0 0 0 0 0 0 0 0 0
Sawmill Lake 90 0 50 0 0 0 150 0 50 200 220 100 0 0 50 0 0 0 0 820 20 0 0 0 0 1 2 0 0
Billsbach Lake 100 0 0 0 0 0 0 0 0 0 150 200 150 0 520 0 0 0 0 1,020 0 0 0 20 0 0 0 0 0
Weis Lake 100 0 0 0 0 0 0 0 0 0 10 0 0 0 5 0 0 5 0 20 0 0 0 0 0 0 0 0 0
Sparland 100 0 0 0 0 0 0 0 0 50 1,100 0 100 10 300 0 50 0 0 1,610 0 0 0 0 0 1 0 0 0
Wightman Lake 100 0 50 0 0 0 0 0 5 20 300 0 50 0 600 0 10 0 0 1,035 0 0 0 0 0 0 0 0 0
Sawyer Slough 100 0 20 0 0 0 0 0 0 0 450 200 10 0 100 0 0 0 0 780 0 0 0 0 0 0 0 0 0
Hitchcock Slough 100 0 0 0 0 0 600 0 0 0 610 1,000 5 0 2,100 0 0 0 0 4,315 0 0 0 0 0 0 0 0 0
Babbs Slough 90 0 100 0 0 0 0 0 0 0 650 0 50 0 450 0 0 0 0 1,250 0 0 0 0 0 0 0 0 0
Meadow Lake 100 0 100 0 0 0 0 0 0 0 1,500 50 0 0 600 0 0 0 0 2,250 5 0 0 0 0 0 0 0 0
Douglas Lake 100 0 10 0 0 0 100 0 0 105 510 700 10 0 805 0 5 0 0 2,245 0 0 0 0 300 0 0 0 5
Goose Lake 100 0 0 0 0 0 0 0 0 0 2,860 200 150 0 810 0 0 0 0 4,020 5 0 0 0 0 0 0 0 0
Upper Peoria 100 0 15 0 0 0 0 0 0 0 33,520 840 1,370 0 6,285 100 0 0 0 42,130 5 100 5 0 205 1 0 5 0
Lower Peoria 100 0 0 0 0 0 0 0 0 0 3,000 0 0 0 0 0 0 0 0 3,000 5 0 0 0 0 0 0 0 0
Total Upper Illinois 1,005 5 0 0 2,580 0 665 1,305 49,730 4,890 2,845 140 15,825 230 1,440 60 5 80,725 195 1,100 105 25 4,995 5 5 5 25
Pekin Lake 100 0 0 0 0 0 0 0 0 0 100 0 0 0 10 0 0 0 0 110 0 0 0 0 0 0 0 0 0
Powerton Lake 100 0 0 0 0 0 0 0 200 0 100 0 0 0 0 0 10 5 0 315 65 0 0 0 510 0 1 0 0
Spring Lake 100 0 50 0 0 0 0 0 50 0 0 0 0 0 0 0 40 0 0 140 45 0 0 0 200 2 0 0 45
Spring Lake Bottoms 100 0 500 0 0 0 100 0 105 300 10 150 0 0 0 0 0 0 0 1,165 60 0 0 0 0 0 0 0 5
Goose Lake 100 0 0 0 0 0 0 0 0 0 20 100 10 0 100 0 40 0 0 270 10 0 10 0 0 0 0 0 0
Rice Lake 100 0 205 0 0 0 700 0 300 400 610 0 0 0 500 10 50 0 0 2,775 10 0 0 0 0 1 2 0 15
Big Lake 100 0 10 0 0 0 0 0 0 50 0 0 0 0 100 10 0 5 0 175 5 200 0 0 0 0 0 0 0
Banner Marsh 90 0 70 0 0 0 50 0 120 100 100 0 0 0 20 0 0 0 0 460 100 0 0 30 0 0 0 0 10
Duck Creek 100 0 10 0 0 0 100 0 0 0 0 0 0 0 0 100 0 30 0 240 55 200 0 0 0 0 0 0 0
Clear Lake 100 0 100 0 0 0 200 0 100 200 2,500 2,300 150 0 250 0 20 5 0 5,825 10 0 0 5 0 0 0 0 5
North Pool 100 0 100 0 0 0 0 0 100 0 12,500 0 200 100 900 0 0 0 0 13,900 0 0 0 0 0 0 0 0 0
South Pool 100 0 10 0 0 0 200 0 300 0 7,700 1,500 300 100 2,300 0 200 0 0 12,610 0 0 0 0 0 0 7 0 0
Chautauqua 100 0 110 0 0 0 200 0 400 0 20,200 1,500 500 200 3,200 0 200 0 0 26,510 0 0 0 0 0 0 7 0 0
Quiver Creek 100 0 130 0 0 0 310 0 600 500 100 300 10 0 0 0 0 0 0 1,950 120 0 0 0 0 2 0 0 0
Quiver Lake 100 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 0 0 0 2 0 0 0
Thompson/Flag Lake 80 0 810 0 10 0 700 50 1,355 1,020 450 500 50 0 100 0 160 0 0 5,205 165 400 1,115 50 1,800 2 1 0 210
North Globe 60 0 20 0 0 0 70 0 0 50 0 0 0 0 100 0 0 0 0 240 0 0 0 0 0 0 0 0 0
Dickson Mounds 100 0 5 0 0 0 0 0 0 0 60 0 0 0 0 0 5 0 0 70 0 0 0 0 0 0 0 0 0
South Globe 80 0 50 0 0 0 900 0 50 450 100 0 100 0 100 0 0 0 0 1,750 0 700 10 0 0 0 0 0 60
Wilder/Bellrose 90 0 200 0 0 0 160 0 100 200 300 500 150 100 0 0 10 0 0 1,720 0 0 0 0 500 0 0 0 0
Spoon River Btms 10 0 0 0 0 0 50 0 0 100 0 0 0 0 0 0 0 0 0 150 0 0 0 0 0 0 0 0 0
Emiquon/Spoon Btm 100 0 1,085 0 10 0 1,880 50 1,505 1,820 910 1,000 300 100 300 0 175 0 0 9,135 165 1,100 1,125 50 2,300 2 1 0 270
Matanza Lake 90 0 50 0 0 0 100 0 50 100 1,000 0 100 0 0 0 0 0 0 1,400 0 0 0 0 0 0 0 0 0
Bath Lake 100 0 0 0 0 0 0 0 0 100 200 4,400 100 0 0 0 0 0 0 4,800 0 0 0 0 0 0 0 0 0
Moscow Lake 100 0 0 0 0 0 100 0 0 100 2,100 0 100 0 0 0 0 0 0 2,400 0 0 0 0 0 0 0 0 0
Jack Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0
Grass Lake 100 0 0 0 0 0 0 0 0 0 100 0 0 0 150 0 0 0 0 250 5 0 0 0 0 1 6 0 0
Anderson Lake 100 0 0 0 0 0 100 0 0 100 2,000 4,000 5,000 100 500 0 10 0 0 11,810 0 0 0 5 0 0 1 0 15
Snicarte Slough 90 0 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 200 5 0 0 0 0 0 0 0 0
Ingram Lake 100 0 50 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 100 10 0 0 0 0 0 0 0 0
Chain Lake 100 0 100 0 0 0 100 0 0 0 1,200 200 2,500 0 0 0 0 0 0 4,100 0 0 0 0 0 0 0 100 0
Stewart Lake 100 0 50 0 0 0 0 0 0 0 0 0 0 0 200 0 0 0 0 250 0 0 0 0 0 0 0 0 0
Crane Lake 100 0 10 0 0 0 100 0 105 305 700 300 150 0 0 20 115 0 0 1,805 5 0 0 0 0 2 1 0 45
Cuba Island 90 0 830 0 100 0 1,320 0 1,400 700 300 2,100 10 0 0 0 0 0 0 6,760 120 200 0 0 0 0 1 0 5
Sanganois 100 0 5 0 0 0 0 0 0 120 4,600 3,100 2,200 200 0 0 0 0 0 10,225 70 0 0 0 0 1 3 0 0
Treadway Lake 100 0 0 0 0 0 0 0 0 0 1,750 0 0 0 100 0 30 0 0 1,880 0 0 0 0 0 0 0 0 0
Muscooten Bay 100 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 10 0 0 110 0 0 0 0 0 0 0 0 0
Big Lake 50 0 60 0 0 0 550 0 60 900 20 200 0 0 0 0 20 0 0 1,810 10 300 200 0 0 1 6 0 0
Meredosia Lake 100 0 1,250 0 100 0 200 0 500 900 2,560 200 150 0 0 0 200 0 0 6,060 15 0 0 45 0 2 1 10 0
Smith Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 5 0 15 5 0 20 5 0 0 0 0 0
Spunky Bottoms 100 0 100 0 200 0 100 0 100 300 1,400 2,400 1,950 600 100 0 0 0 0 7,250 0 400 0 0 0 0 0 0 0
Total Lower Illinois 4,785 0 410 0 6,210 50 5,595 6,995 42,830 22,250 13,230 1,200 5,640 140 920 50 0 110,305 900 2,400 1,355 140 3,010 19 30 110 415
Total Illinois 5,790 5 410 0 8,790 50 6,260 8,300 92,560 27,140 16,075 1,340 21,465 370 2,360 110 5 191,030 1,095 3,500 1,460 165 8,005 24 35 115 440
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 5 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 35 25 0 0 10 0 0 0 55 0
Arthur Refuge 70 0 10 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 110 45 0 0 10 0 0 0 0 0
Nauvoo-Ft. Madison 90 0 15 0 0 80 0 0 0 0 0 0 0 0 0 0 0 0 0 95 105 0 0 55 0 0 0 10 0
Ft. Madison-Dallas 100 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 155 0 0 0 0 1 0 0 0
Henderson Creek 80 0 50 0 10 155 0 0 0 10 0 0 0 0 0 0 0 0 0 225 45 0 0 1,725 0 0 0 1,200 0
Keithsburg Refuge 80 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 0 0 10 0 0 0 305 0
Louisa Refuge 70 0 5 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 20 80 0 0 1,700 0 0 0 50 0
TOTAL UPPER 105 0 10 385 0 0 0 10 0 0 0 0 0 0 0 0 0 510 470 0 0 3,510 0 1 0 1,620 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 90 0 70 0 10 500 50 0 0 0 0 0 0 0 0 0 0 0 0 630 0 0 0 235 0 0 0 15 0
Gilbert Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0
Long Lake 90 0 10 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 110 10 0 0 0 0 0 0 0 0
Dardenne Club 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cuivre Club 10 0 5 0 0 300 50 0 0 0 0 0 0 0 0 0 0 0 0 355 0 0 0 0 0 0 0 0 0
Batchtown Refuge 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cannon Refuge 10 0 5 0 0 610 0 0 0 0 0 0 0 0 0 0 0 0 0 615 90 0 0 0 0 0 0 0 0
Towhead Lake 50 0 5 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 35 0 0 0 0 0 0 0 0 0
Delair Refuge 50 0 20 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 70 125 0 0 0 0 0 0 0 0
Shanks Refuge 10 0 10 0 0 300 50 0 0 0 0 0 0 0 0 0 0 0 0 360 0 0 0 0 0 0 0 0 0
Meyer-Keokuk 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 1 1 0 0
TOTAL LOWER 125 0 10 1,890 150 0 0 0 0 0 0 0 0 0 0 0 0 2,175 290 0 0 235 0 1 1 15 0
TOTAL MISSISSIPPI 230 0 20 2,275 150 0 0 10 0 0 0 0 0 0 0 0 0 2,685 760 0 0 3,745 0 2 1 1,635 0
 10-Year Average 
2009-2018 339 0 373 4,876 919 0 0 277 0 0 0 0 0 0 0 0 0 6,784 760 0 0 3,807 45 3 3 1,241 0
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 5 0 0 0 0 0
Arthur Refuge 70 0 10 0 0 200 0 0 0 0 0 0 0 0 0 0 0 0 0 210 300 0 0 60 0 0 0 0 0
Nauvoo-Ft. Madison 90 0 60 0 0 710 100 0 0 0 0 0 0 0 0 0 0 0 0 870 80 0 0 400 0 1 0 10 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0
Henderson Creek 70 0 100 0 200 1,100 50 0 0 50 0 0 0 0 0 0 0 0 0 1,500 165 0 0 500 0 2 6 2,500 0
Keithsburg Refuge 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 60 0 1 0 1,050 0
Louisa Refuge 70 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 220 0 0 4,820 0 1 4 200 0
TOTAL UPPER 180 0 200 2,010 150 0 0 50 0 0 0 0 0 0 0 0 0 2,590 880 0 0 5,865 0 5 10 3,760 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 90 0 260 0 450 650 150 50 50 10 0 0 0 0 0 0 0 0 0 1,620 100 0 0 3,300 0 0 0 0 0
Gilbert Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Long Lake 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dardenne Club 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cuivre Club 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Batchtown Refuge 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cannon Refuge 10 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 1 0 0
Towhead Lake 50 0 0 0 10 200 0 0 0 0 0 0 0 0 0 0 0 0 0 210 20 0 0 0 0 0 0 0 0
Delair Refuge 60 0 30 0 0 1,100 100 0 0 10 0 0 0 0 0 0 0 0 0 1,240 10 0 0 0 0 1 6 0 0
Shanks Refuge 10 0 10 0 0 1,300 200 0 0 0 0 0 0 0 0 0 0 0 0 1,510 0 0 0 0 0 4 0 0 0
Meyer-Keokuk 90 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 70 0 0 0 0 3 1 0 0
TOTAL LOWER 310 0 460 3,300 450 50 50 20 0 0 0 0 0 0 0 0 0 4,640 200 0 0 3,300 0 8 8 0 0
TOTAL MISSISSIPPI 490 0 660 5,310 600 50 50 70 0 0 0 0 0 0 0 0 0 7,230 1,080 0 0 9,165 0 13 18 3,760 0
 10-Year Average 
2009-2018 440 0 674 4,978 1,568 2 23 596 0 0 0 0 3 0 0 0 0 8,283 1,064 0 0 2,591 61 5 4 1,428 2
 09/13/2019 BAEA
122
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 55 0 0 0 30 0
Arthur Refuge 70 0 5 0 40 10 0 0 0 5 0 0 0 0 0 0 0 0 0 60 300 0 0 100 0 0 0 0 0
Nauvoo-Ft. Madison 90 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 55 0 0 3,165 0 1 0 60 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 10 0 0 0 0 0
Henderson Creek 80 0 170 0 100 300 10 0 0 10 0 0 0 0 0 0 0 0 0 590 210 0 0 600 0 1 0 1,800 0
Keithsburg Refuge 100 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 0 0 4,600 0 3 1 950 0
Louisa Refuge 70 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20 150 0 0 600 0 1 0 0 0
TOTAL UPPER 185 0 160 330 10 0 0 15 0 0 0 0 0 0 0 0 0 700 765 0 0 9,130 0 6 1 2,840 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 90 0 10 0 800 210 50 0 0 100 0 0 0 0 0 0 0 0 0 1,170 0 0 0 2,505 0 0 0 200 0
Gilbert Lake 90 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 380 0 0 0 5 0
Long Lake 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dardenne Club 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cuivre Club 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Batchtown Refuge 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0
Cannon Refuge 10 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 5 0 5 0 0 0 0 0 0
Towhead Lake 50 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 0 0 0 0 0 5 0
Delair Refuge 60 0 10 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 70 20 0 0 0 0 0 0 0 0
Shanks Refuge 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 5 0
Meyer-Keokuk 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 2 10 0
TOTAL LOWER 30 0 810 280 50 0 0 100 0 0 0 0 0 0 0 0 0 1,270 95 0 5 2,895 0 0 2 225 0
TOTAL MISSISSIPPI 215 0 970 610 60 0 0 115 0 0 0 0 0 0 0 0 0 1,970 860 0 5 12,025 0 6 3 3,065 0
 10-Year Average 
2009-2018 496 0 2,120 4,125 2,986 0 17 851 0 0 0 0 0 0 0 0 0 10,594 1,869 0 0 3,749 1,212 6 6 2,529 13
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 165 0
Arthur Refuge 80 0 20 0 5 50 150 0 0 0 0 0 0 0 0 0 0 0 0 225 175 0 0 80 0
Nauvoo-Ft. Madison 100 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 880 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 120 0
Henderson Creek 90 0 0 0 550 5 0 0 0 0 0 0 0 0 0 0 0 0 0 555 85 0 0 110 50
Keithsburg Refuge 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 105 0
Louisa Refuge 90 0 10 0 100 0 0 0 0 5 0 0 0 0 0 0 0 0 0 115 330 0 0 70 0
TOTAL UPPER 30 0 655 55 160 0 0 5 0 0 0 0 0 0 0 0 0 905 705 0 0 1,530 50
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 90 0 250 0 7,100 500 900 0 0 100 0 0 0 0 0 0 0 0 0 8,850 15 0 0 13,800 300
Gilbert Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0
Long Lake 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dardenne Club 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cuivre Club 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Batchtown Refuge 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0
Cannon Refuge 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Towhead Lake 60 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 25 0 0 0 100
Delair Refuge 70 0 20 0 100 100 300 0 0 0 0 0 0 0 0 0 0 0 0 520 350 0 0 0 0
Shanks Refuge 10 0 0 0 10 50 50 0 0 0 0 0 0 0 0 0 0 0 0 110 0 0 0 0 0
Meyer-Keokuk 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 240 0 0 20 0
TOTAL LOWER 270 0 7,310 650 1,250 0 0 100 0 0 0 0 0 0 0 0 0 9,580 700 0 0 13,830 400
TOTAL MISSISSIPPI 300 0 7,965 705 1,410 0 0 105 0 0 0 0 0 0 0 0 0 10,485 1,405 0 0 15,360 450
 10-Year Average 
2009-2018 495 0 7,673 2,510 3,588 32 60 1,222 0 8 0 0 0 0 0 0 0 15,588 1,878 0 1 2,248 1,697
 09/26/2019
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM
DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 25 0 0 0 185 0
Arthur Refuge 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 55 0 0 0 175 0
Nauvoo-Ft. Madison 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 1 0 150 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0
Henderson Creek 100 0 10 0 0 0 10 0 100 0 0 50 0 0 100 0 0 0 0 270 20 0 0 55 2,140 0 0 1,900 0
Keithsburg Refuge 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 90 0 0 0 300 1 0 700 0
Louisa Refuge 90 0 105 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 135 175 0 0 0 0 0 0 0 0
TOTAL UPPER 115 0 0 0 10 0 100 0 0 50 0 0 130 0 0 0 0 405 365 0 0 145 2,440 2 0 3,120 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake - Two Rivers 95 0 1,135 0 10,600 200 610 0 500 150 0 1,100 0 0 805 0 0 0 0 15,100 20 0 0 70 1,110 1 3 255 0
Gilbert Lake - Two Rivers 100 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 65 0 0 0 0 0 0 0 0
Long Lake 100 0 50 0 0 0 200 0 0 0 0 0 0 0 0 0 0 0 0 250 0 0 0 0 0 0 0 0 0
Dardenne Club 20 0 500 0 7,000 200 2,000 0 0 500 0 0 0 0 0 0 0 0 0 10,200 0 0 0 0 0 0 0 0 0
Cuivre Club 90 0 210 0 5,500 0 2,000 0 10 0 0 5,000 0 0 0 0 0 0 0 12,720 0 0 0 0 0 0 1 0 0
Batchtown Refuge - Two Rivers 100 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0
Cannon Refuge 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Towhead Lake 70 0 100 0 12,000 0 500 0 0 200 0 2,000 0 0 0 0 0 0 0 14,800 20 0 0 0 900 0 0 0 0
Delair Refuge 70 0 250 0 700 100 4,000 400 800 100 0 0 0 0 0 0 0 0 0 6,350 300 110 0 0 0 0 0 0 0
Shanks Refuge 10 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 100 1 2 0 0
Meyer-Keokuk 100 0 0 0 0 0 20 0 0 10 0 0 0 0 0 0 0 0 0 30 0 0 0 115 0 2 0 185 0
TOTAL LOWER 2,315 0 35,900 500 9,330 400 1,310 960 0 8,100 0 0 805 0 0 0 0 59,620 405 110 0 185 2,110 4 6 440 0
TOTAL MISSISSIPPI 2,430 0 35,900 500 9,340 400 1,410 960 0 8,150 0 0 935 0 0 0 0 60,025 770 110 0 330 4,550 6 6 3,560 0
 10-Year Average 2009-2018 6,900 3 28,494 637 17,967 970 5,671 3,546 33 898 3 0 2,282 0 0 0 0 67,403 2,809 197 0 1,113 19,093 4 7 2,262 0
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 10 0 0 0 0 0 0 0 30 0 0 0 350 0 0 0 0 390 0 0 0 50 760 0 0 90 0
Arthur Refuge 90 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 50 170 0 0 110 20 0 0 20 0
Nauvoo-Ft. Madison 100 0 40 0 0 0 0 0 0 0 30 0 0 0 300 0 0 0 0 370 0 0 0 105 310 0 0 115 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 0 0 0 0 0 0
Henderson Creek 100 0 2,500 0 1,500 0 500 0 1,000 300 100 50 50 0 0 0 0 0 0 6,000 200 0 0 200 7,300 0 1 800 0
Keithsburg Refuge 100 0 0 0 0 0 0 0 310 0 0 0 0 0 0 0 0 0 0 310 20 0 0 70 510 0 1 450 0
Louisa Refuge 90 0 650 0 500 0 0 0 300 0 20 0 0 0 0 0 0 0 0 1,470 700 0 0 0 4,200 0 0 0 0
TOTAL UPPER 3,200 0 2,000 0 550 0 1,610 300 180 50 50 0 650 0 0 0 0 8,590 1,210 0 0 535 13,100 0 2 1,475 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 0 4,700 0 2,000 300 1,000 100 2,600 1,000 50 10,700 0 0 1,100 0 0 0 0 23,550 170 0 0 50 8,110 1 3 200 0
Gilbert Lake 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Long Lake 100 0 900 0 50 0 100 0 150 0 0 50 0 0 0 0 0 0 0 1,250 0 0 0 0 0 0 0 0 0
Dardenne Club 80 0 8,700 15 9,000 0 1,000 0 500 0 0 0 0 0 0 0 0 0 0 19,215 0 0 0 0 1,000 0 0 0 0
Cuivre Club 90 0 7,300 0 2,000 0 200 0 1,100 300 0 0 0 0 0 0 0 0 0 10,900 0 0 0 0 400 1 2 0 0
Batchtown Refuge 100 0 2,530 0 700 0 100 50 100 100 0 100 0 0 50 0 0 0 0 3,730 0 0 0 0 0 0 0 0 0
Cannon Refuge 40 0 8,300 0 1,200 0 600 0 1,400 100 0 0 0 0 0 0 0 0 0 11,600 10 0 0 0 3,000 0 0 0 0
Towhead Lake 80 0 1,100 0 1,200 0 600 0 500 400 0 3,000 0 0 0 0 0 0 0 6,800 0 0 0 0 2,400 0 0 0 0
Delair Refuge 70 0 2,000 0 2,100 0 4,500 100 1,000 300 0 200 0 0 0 0 0 0 0 10,200 350 200 5 0 700 0 2 0 0
Shanks Refuge 30 0 1,500 0 550 0 250 0 700 50 0 0 0 0 0 0 0 0 0 3,050 50 0 0 250 500 1 2 100 0
Meyer-Keokuk 100 0 1,600 0 9,000 50 100 0 0 50 0 0 0 0 0 0 0 0 0 10,800 450 0 0 130 300 3 0 80 0
TOTAL LOWER 38,630 15 27,800 350 8,450 250 8,050 2,300 50 14,050 0 0 1,150 0 0 0 0 101,095 1,030 200 5 430 16,410 6 9 380 0
TOTAL MISSISSIPPI 41,830 15 29,800 350 9,000 250 9,660 2,600 230 14,100 50 0 1,800 0 0 0 0 109,685 2,240 200 5 965 29,510 6 11 1,855 0
 10-Year Average 
2009-2018  14,793  69  48,723  553  27,858  1,127  15,931  6,129  526  4,464  41 0  8,902 0  1 0 0  129,117  4,532  1,032  4  1,088  27,512  7  9  3,068  3 
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 0 100 0 0 1,600 0 50 0 0 1,750 0 0 0 50 100 0 0 105 0
Arthur Refuge 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 110 0 0 40 0 0 0 0 0
Nauvoo-Ft. Madison 100 0 10 0 0 0 0 0 200 0 820 0 0 20 600 0 0 0 0 1,650 0 0 0 40 300 0 0 15 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 10 0
Henderson Creek 100 0 3,200 0 800 0 200 400 6,000 100 300 500 300 0 0 0 0 0 0 11,800 200 0 0 0 11,000 1 0 800 0
Keithsburg Refuge 100 0 1,120 0 100 0 0 0 2,700 0 0 0 0 0 0 0 0 0 0 3,920 270 0 0 180 4,000 2 5 1,700 0
Louisa Refuge 90 0 1,500 0 500 0 200 0 700 200 0 100 0 0 0 0 0 0 0 3,200 420 0 0 0 1,600 1 0 0 0
TOTAL UPPER 5,830 0 1,400 0 400 400 9,700 300 1,120 700 300 20 2,200 0 50 0 0 22,420 1,000 0 0 310 17,000 4 5 2,630 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 0 13,000 0 16,100 0 1,420 500 5,300 1,200 0 12,000 0 0 700 0 0 0 0 50,220 100 0 0 100 9,400 0 1 0 0
Gilbert Lake 100 0 115 0 50 0 0 0 50 0 0 0 0 0 0 0 0 0 0 215 0 0 0 0 0 1 0 0 0
Long Lake
Dardenne Club 80 0 9,900 30 10,300 0 2,000 0 2,000 500 0 0 0 0 0 0 0 0 0 24,730 0 0 0 0 100 0 0 0 0
Cuivre Club 90 0 3,500 0 4,500 0 1,000 200 2,100 500 0 0 0 0 0 0 0 0 0 11,800 0 0 0 0 200 0 0 0 0
Batchtown Refuge 100 0 1,430 0 100 0 300 0 100 0 0 400 0 0 0 0 0 0 0 2,330 0 0 0 0 200 0 0 0 0
Cannon Refuge 40 0 14,900 20 3,600 0 2,100 300 2,200 500 0 0 0 0 0 0 0 0 0 23,620 10 0 0 10 2,100 1 1 0 0
Towhead Lake 80 0 1,600 0 800 0 100 0 800 1,600 0 500 0 0 0 0 0 0 0 5,400 0 0 0 0 2,900 3 0 0 0
Delair Refuge 70 0 3,000 0 300 0 2,000 0 5,100 500 0 2,000 0 0 0 0 0 0 0 12,900 210 300 0 0 100 0 2 0 5
Shanks Refuge 30 0 7,310 0 3,000 0 4,000 200 1,600 500 0 300 0 0 0 0 0 0 0 16,910 10 0 0 25 1,300 0 2 10 0
Meyer-Keokuk 100 0 1,410 0 4,500 0 300 0 1,500 0 0 0 0 0 0 0 0 0 0 7,710 120 0 0 30 0 4 1 110 0
TOTAL LOWER 56,165 50 43,250 0 13,220 1,200 20,750 5,300 0 15,200 0 0 700 0 0 0 0 155,835 450 300 0 165 16,300 9 7 120 5
TOTAL MISSISSIPPI 61,995 50 44,650 0 13,620 1,600 30,450 5,600 1,120 15,900 300 20 2,900 0 50 0 0 178,255 1,450 300 0 475 33,300 13 12 2,750 5
 10-Year Average 
2009-2018 28,830 3 50,934 114 33,963 729 28,089 7,707 3,722 13,396 1,644 53 9,908 21 3 0 0 179,116 3,968 656 42 650 35,833 7 10 1,432 0
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 1,400 100 150 10 2,300 0 20 0 0 3,980 0 0 0 0 0 0 0 0 0
Arthur Refuge 100 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 280 0 0 5 0 0 0 0 0
Nauvoo-Ft. Madison 100 0 110 0 0 0 0 0 520 0 7,000 0 510 100 350 0 260 0 0 8,850 5 0 0 10 0 0 0 5 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Henderson Creek 100 0 750 0 100 0 0 0 500 0 10,300 5,700 1,600 100 0 0 0 0 0 19,050 140 0 0 0 600 0 1 0 0
Keithsburg Refuge 100 0 70 0 0 0 10 0 200 0 0 0 0 0 0 0 0 0 0 280 230 0 0 40 100 1 1 5 5
Louisa Refuge 100 0 3,170 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 3,370 630 100 0 0 250 0 0 100 0
TOTAL UPPER 4,200 0 100 0 10 0 1,220 0 18,700 6,000 2,260 210 2,650 0 280 0 0 35,630 1,285 100 0 55 950 1 2 110 5
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 0 2,500 0 8,700 0 700 0 400 200 500 30,000 200 100 900 0 100 0 20 44,320 100 0 0 10 2,100 1 2 0 0
Gilbert Lake 100 0 200 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 220 410 0 0 0 0 1 0 15 0
Long Lake 100 0 1,000 0 500 0 0 0 0 0 300 1,500 0 0 0 0 0 0 0 3,300 0 0 0 0 0 0 0 0 0
Dardenne Club 80 0 5,700 10 17,000 0 2,000 0 800 100 0 0 0 0 0 0 0 0 0 25,610 0 0 0 0 100 0 0 0 0
Cuivre Club 90 0 2,500 0 6,500 0 500 10 1,100 0 0 0 0 0 0 0 0 0 0 10,610 0 0 0 0 0 0 1 0 0
Batchtown Refuge 100 0 120 0 200 0 500 0 0 0 0 650 0 0 0 0 0 0 0 1,470 0 0 0 0 0 0 0 0 0
Cannon Refuge 70 0 17,040 0 30,530 0 10,650 710 7,100 3,550 0 1,420 0 0 0 0 0 0 0 71,000 520 0 0 0 100 0 1 0 0
Towhead Lake 80 0 800 0 100 0 0 0 400 0 0 800 0 0 0 0 0 0 0 2,100 0 0 0 0 810 0 0 0 40
Delair Refuge 70 0 1,600 0 1,700 0 2,100 0 100 100 0 5,100 0 0 0 0 0 0 0 10,700 200 600 0 0 1,000 0 0 0 25
Shanks Refuge 60 0 4,500 0 200 0 500 0 100 100 0 500 0 0 0 0 0 0 0 5,900 0 0 0 0 300 1 2 0 5
Meyer-Keokuk 100 0 200 0 1,700 0 100 0 0 110 0 0 0 0 0 0 0 0 0 2,110 30 0 0 30 0 2 0 20 0
TOTAL LOWER 36,160 10 67,130 0 17,050 720 10,020 4,160 800 39,970 200 100 900 0 100 0 20 177,340 1,260 600 0 40 4,410 5 6 35 70
TOTAL MISSISSIPPI 40,360 10 67,230 0 17,060 720 11,240 4,160 19,500 45,970 2,460 310 3,550 0 380 0 20 212,970 2,545 700 0 95 5,360 6 8 145 75
 10-Year Average 
2009-2018  68,238  18  81,187  273  49,283  2,520  47,292  11,699  26,620  32,401  6,902  292  12,645  25  105 0 0  339,497  4,646  1,051  111  365  33,849  15  13  611  6 
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 10 100 0 0 0 0 0 0 0 10,000 0 13,000 100 600 1,000 2,250 0 0 27,050 0 0 0 10 10 2 1 0 0
Arthur Refuge 100 70 350 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 350 900 0 0 0 0 2 0 0 0
Nauvoo-Ft. Madison 100 10 0 0 0 0 0 0 0 0 300 0 0 0 500 1,400 700 0 0 2,900 200 0 0 0 0 2 0 0 0
Ft. Madison-Dallas 100 10 0 0 0 0 0 0 0 0 110 0 0 0 0 0 50 0 0 160 510 0 0 0 0 0 0 0 0
Henderson Creek 100 80 15,600 5 100 0 500 50 400 0 100 200 10 0 0 0 0 0 0 16,965 0 0 0 0 0 6 3 0 0
Keithsburg Refuge 100 80 410 0 0 0 10 0 810 0 0 100 0 0 0 0 0 0 0 1,330 350 0 0 0 3,150 2 5 0 0
Louisa Refuge 100 70 5,700 5 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 6,205 700 50 0 0 0 0 3 0 5
TOTAL UPPER 22,160 10 100 0 510 50 1,210 0 10,510 800 13,010 100 1,100 2,400 3,000 0 0 54,960 2,660 50 0 10 3,160 14 12 0 5
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 20 20,100 0 18,000 0 1,100 100 5,000 1,500 0 26,000 100 0 1,000 0 100 0 0 73,000 200 20 20 5 100 4 5 30 0
Gilbert Lake 100 40 100 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 200 50 10 0 0 0 0 0 0 0
Long Lake 100 70 16,000 0 1,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17,000 0 0 0 0 0 0 0 0 0
Dardenne Club 80 80 45,000 50 20,500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 65,550 0 0 0 0 0 0 1 0 0
Cuivre Club 90 80 100,000 0 20,000 0 1,000 0 5,000 1,000 0 0 0 0 0 0 0 0 0 127,000 0 0 0 100 0 4 6 0 0
Batchtown Refuge 100 50 12,000 5 0 0 0 0 500 0 0 20 0 0 0 0 0 0 0 12,525 100 0 0 0 0 0 0 0 0
Cannon Refuge 80 90 95,000 50 10,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 105,050 0 0 0 0 0 2 1 0 0
Towhead Lake 80 90 15,000 0 1,200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16,200 400 1,000 10 0 2,500 1 1 0 25
Delair Refuge 80 90 20,000 0 2,000 0 500 0 200 0 0 2,000 0 0 0 0 0 0 0 24,700 50 0 0 0 0 0 0 0 5
Shanks Refuge 60 80 26,600 50 1,000 0 3,000 0 1,000 0 0 0 0 0 0 0 0 0 0 31,650 120 0 0 0 500 1 0 0 25
Meyer-Keokuk 100 10 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 20 0 0 30 0 10 5 0 0
TOTAL LOWER 349,900 155 73,700 0 5,600 100 11,800 2,500 0 28,020 100 0 1,000 0 100 0 0 472,975 940 1,030 30 135 3,100 22 19 30 55
TOTAL MISSISSIPPI 372,060 165 73,800 0 6,110 150 13,010 2,500 10,510 28,820 13,110 100 2,100 2,400 3,100 0 0 527,935 3,600 1,080 30 145 6,260 36 31 30 60
 10-Year Average 
2009-2018 193,264 171 63,847 0 42,696 2,060 45,629 10,072 24,282 35,431 18,330 290 12,984 638 2,253 58 60 452,071 4,026 1,149 559 257 20,590 22 18 56 138
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 2,100 200 8,000 0 0 100 700 0 0 11,100 0 0 0 0 0 3 0 0 0
Arthur Refuge 100 0 400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 400 460 20 0 0 0 0 0 0 0
Nauvoo-Ft. Madison 100 0 0 0 0 0 0 0 0 0 700 0 1,000 0 100 3,000 200 0 0 5,000 0 0 0 0 0 0 0 0 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 200 750 0 0 0 10 3 2 0 0
Henderson Creek 80 20 20,100 100 0 0 0 0 500 100 10 50 10 0 0 0 0 0 0 20,870 200 0 0 0 0 7 3 0 0
Keithsburg Refuge 100 20 300 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 0 320 450 0 0 0 100 2 0 0 0
Louisa Refuge 100 30 3,300 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 3,500 800 0 0 0 0 6 2 0 0
TOTAL UPPER 24,100 100 0 0 0 0 500 100 3,010 450 9,010 0 100 3,110 910 0 0 41,390 2,660 20 0 0 110 21 7 0 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 0 1,750 10 100 0 0 0 100 10 0 2,000 0 0 60 50 0 5 0 4,085 300 150 0 25 100 0 2 0 0
Gilbert Lake 100 0 250 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 10 265 250 0 0 0 0 0 0 0 0
Long Lake 100 0 5,000 0 3,000 0 500 0 500 100 0 1,000 0 0 0 0 0 0 0 10,100 0 0 0 0 0 0 0 0 0
Dardenne Club 80 0 50,500 0 35,000 0 1,000 0 2,100 0 0 0 0 0 0 0 0 0 0 88,600 0 0 0 0 0 1 1 0 0
Cuivre Club 100 0 16,000 0 10,000 0 1,000 0 4,000 0 0 0 0 0 0 0 0 0 0 31,000 0 0 0 0 100 0 1 0 0
Batchtown Refuge 100 0 920 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 925 310 0 0 0 0 0 1 0 0
Cannon Refuge 80 0 33,300 0 11,200 0 6,300 0 3,400 0 0 2,000 0 0 0 0 0 0 0 56,200 400 200 0 0 0 1 1 0 0
Towhead Lake 80 0 3,400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,400 400 500 0 0 200 0 2 0 220
Delair Refuge 80 0 12,000 0 2,000 0 1,000 200 2,000 500 0 4,000 0 0 0 0 0 0 0 21,700 400 2,200 100 0 0 0 0 0 120
Shanks Refuge 60 0 20,200 0 2,000 0 5,000 100 1,000 500 0 0 10 0 0 0 0 0 0 28,810 200 100 0 0 100 1 1 0 10
Meyer-Keokuk 100 0 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 200 5 0 0 0 0 7 1 0 0
TOTAL LOWER 143,520 15 63,300 0 14,800 300 13,100 1,110 0 9,000 10 0 60 50 5 5 10 245,285 2,265 3,150 100 25 500 10 10 0 350
TOTAL MISSISSIPPI 167,620 115 63,300 0 14,800 300 13,600 1,210 3,010 9,450 9,020 0 160 3,160 915 5 10 286,675 4,925 3,170 100 25 610 31 17 0 350
 10-Year Average 
2009-2018 184,569 46 58,856 0 44,140 1,283 27,083 11,350 15,334 28,051 38,002 150 9,929 5,066 2,739 1 173 426,771 4,817 2,635 2,827 207 7,476 25 19 24 166
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 2,010 100 11,250 0 2,300 1,320 1,110 0 0 18,090 0 0 0 5 0 4 0 0 0
Arthur Refuge 100 0 500 0 0 0 0 0 0 0 0 0 0 0 100 1,100 1,000 0 0 2,700 1,350 0 0 0 0 0 0 0 0
Nauvoo-Ft. Madison 100 0 150 0 0 0 0 0 0 50 4,900 0 2,000 0 0 2,070 150 0 0 9,320 0 0 0 0 0 2 0 0 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 50 0 0 0 0 210 0 0 0 260 650 60 0 0 0 0 0 0 0
Henderson Creek 80 0 11,100 0 0 0 500 0 0 100 100 0 10 10 0 0 0 0 0 11,820 0 0 0 0 0 0 0 0 0
Keithsburg Refuge 100 0 310 0 0 0 0 0 200 0 0 0 0 0 0 160 5 0 0 675 610 0 0 0 210 2 4 0 0
Louisa Refuge 90 0 6,150 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 6,350 1,400 100 0 0 0 3 1 0 10
TOTAL UPPER 18,210 0 0 0 500 0 200 150 7,060 300 13,260 10 2,400 4,860 2,265 0 0 49,215 4,010 160 0 5 210 11 5 0 10
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 0 1,730 0 10 0 0 0 420 30 0 1,400 20 0 100 0 50 0 0 3,760 670 75 0 0 0 2 0 0 15
Gilbert Lake 100 0 300 0 0 0 0 0 100 20 0 0 0 0 0 0 0 0 0 420 200 150 0 0 0 0 0 0 10
Long Lake 100 0 4,000 0 300 0 0 0 0 0 0 500 0 0 0 0 0 0 0 4,800 0 0 0 0 0 0 0 0 0
Dardenne Club 80 0 44,600 0 30,000 0 500 0 100 100 0 0 0 0 0 0 0 0 0 75,300 100 0 0 0 0 0 0 0 0
Cuivre Club 100 0 7,000 0 4,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11,000 0 0 0 0 0 0 0 0 0
Batchtown Refuge 95 0 1,100 0 0 0 0 0 20 0 0 100 0 0 0 0 0 0 0 1,220 160 0 0 0 0 0 0 0 0
Cannon Refuge 80 0 35,000 0 10,000 0 2,500 0 1,500 1,000 0 500 0 0 0 0 0 0 0 50,500 500 0 0 0 0 3 1 0 0
Towhead Lake 80 0 4,200 10 0 0 0 0 300 0 200 500 0 0 0 0 0 0 0 5,210 100 2,500 100 0 100 0 0 0 535
Delair Refuge 80 0 3,000 0 100 0 200 0 100 100 0 5,000 0 0 0 0 0 0 0 8,500 900 2,500 0 0 0 0 0 0 230
Shanks Refuge 60 0 15,600 25 500 0 3,000 0 0 0 0 100 0 0 0 0 0 0 0 19,225 600 0 0 0 150 2 1 0 10
Meyer-Keokuk 100 0 50 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 150 90 0 0 0 0 9 1 0 0
TOTAL LOWER 116,580 35 44,910 0 6,200 0 2,540 1,250 200 8,100 120 0 100 0 50 0 0 180,085 3,320 5,225 100 0 250 16 3 0 800
TOTAL MISSISSIPPI 134,790 35 44,910 0 6,700 0 2,740 1,400 7,260 8,400 13,380 10 2,500 4,860 2,315 0 0 229,300 7,330 5,385 100 5 460 27 8 0 810
 10-Year Average 
2009-2018 302,026 129 44,899 0 39,015 258 25,444 9,049 12,967 27,884 75,735 563 6,580 8,179 2,482 236 49 555,663 6,449 3,703 2,233 105 7,363 44 36 18 218
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 200 110 800 0 1,050 1,780 100 0 0 4,040 0 0 0 0 0 3 0 0 0
Arthur Refuge 100 0 470 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 470 620 0 0 0 0 0 0 0 0
Nauvoo-Ft. Madison 100 0 20 0 0 0 0 0 0 0 800 0 930 0 50 1,060 0 0 0 2,860 0 0 0 0 0 1 0 0 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 160 0 0 0 0 1 0 0 0
Henderson Creek 90 0 13,500 0 0 0 0 0 0 0 0 100 0 0 0 5 0 0 0 13,605 450 0 0 0 0 2 0 0 0
Keithsburg Refuge 100 0 750 0 0 0 0 0 0 0 0 0 0 0 0 320 0 0 0 1,070 510 0 0 0 0 3 0 0 0
Louisa Refuge 90 0 7,500 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 7,600 1,200 150 0 0 0 2 1 0 0
TOTAL UPPER 22,240 0 0 0 0 0 0 0 1,010 310 1,730 0 1,100 3,165 100 0 0 29,655 2,940 150 0 0 0 12 1 0 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 0 4,000 0 0 0 0 0 0 10 0 1,110 10 0 390 50 0 0 0 5,570 110 50 0 50 10 1 1 0 0
Gilbert Lake 100 0 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 110 110 0 0 0 0 1 0 0 0
Long Lake 100 0 3,500 0 0 0 0 0 200 0 0 2,200 0 0 0 0 0 0 0 5,900 10 0 0 0 0 1 0 0 0
Dardenne Club 90 0 85,200 0 5,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 90,200 0 0 0 0 0 3 5 0 0
Cuivre Club 100 0 55,000 0 5,000 0 1,000 0 2,000 500 0 0 0 0 0 0 0 0 0 63,500 0 0 0 0 0 2 4 0 0
Batchtown Refuge 100 0 1,000 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 1,200 20 0 0 0 0 0 0 0 0
Cannon Refuge 80 0 38,700 20 1,700 0 13,000 0 500 600 0 1,000 0 0 0 0 0 0 0 55,520 200 0 0 0 0 3 4 0 0
Towhead Lake 90 0 6,000 0 0 0 500 0 200 0 0 500 0 0 0 0 0 0 0 7,200 300 6,000 300 0 0 1 1 0 280
Delair Refuge 90 0 12,000 0 0 0 0 0 500 0 0 7,000 100 0 0 0 0 0 0 19,600 500 1,000 10 0 0 0 0 0 0
Shanks Refuge 80 0 60,000 100 1,100 0 3,000 0 0 0 0 0 0 0 0 0 0 0 0 64,200 0 0 0 0 0 3 2 0 10
Meyer-Keokuk 100 0 50 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 60 30 0 0 0 0 8 2 0 0
TOTAL LOWER 265,560 120 12,800 0 17,500 0 3,400 1,110 0 12,010 120 0 390 50 0 0 0 313,060 1,280 7,050 310 50 10 23 19 0 290
TOTAL MISSISSIPPI 287,800 120 12,800 0 17,500 0 3,400 1,110 1,010 12,320 1,850 0 1,490 3,215 100 0 0 342,715 4,220 7,200 310 50 10 35 20 0 290
 10-Year Average 
2009-2018 272,872 283 42,195 0 25,654 746 16,529 7,069 14,768 22,750 51,878 140 6,153 9,605 2,389 2,578 38 475,644 6,443 3,872 3,653 96 4,465 54 42 2 279
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 10 15 0 0 0 0 0 0 0 710 0 11,200 100 105 3,600 100 100 0 15,930 70 0 0 5 0 0 0 5 15
Arthur Refuge 100 90 1,600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,600 900 200 0 0 0 0 0 0 0
Nauvoo-Ft. Madison 100 10 0 0 0 0 0 0 0 0 1,510 0 5,800 0 200 9,140 500 100 0 17,250 400 0 0 0 0 2 0 0 5
Ft. Madison-Dallas 100 10 105 0 0 0 0 0 0 0 100 0 0 0 0 710 10 0 0 925 700 0 0 5 0 2 1 0 0
Henderson Creek 80 90 3,500 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 3,600 100 0 0 0 0 0 2 0 0
Keithsburg Refuge 100 95 1,200 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 1,215 950 0 0 0 0 0 0 0 0
Louisa Refuge 90 90 7,900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7,900 610 1,000 5 0 0 0 0 0 15
TOTAL UPPER 14,320 0 0 0 0 0 100 0 2,320 0 17,000 100 305 13,465 610 200 0 48,420 3,730 1,200 5 10 0 4 3 5 35
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 50 20,900 0 100 0 0 0 300 0 0 0 515 0 1,500 100 0 0 10 23,425 1,200 500 2,000 35 0 5 11 0 20
Gilbert Lake 100 90 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 125 0 0 20 0 0 1 0 0
Long Lake 100 10 12,000 0 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12,200 0 0 0 0 0 0 0 0 0
Dardenne Club 100 90 45,000 0 5,000 0 1,000 0 1,000 0 0 0 0 0 0 0 0 0 0 52,000 0 0 0 0 0 2 4 0 0
Cuivre Club 100 80 70,000 0 10,000 0 5,000 0 1,000 0 0 0 0 0 0 0 0 0 0 86,000 0 0 0 0 0 0 1 0 0
Batchtown Refuge 100 50 12,600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12,600 300 0 0 0 0 0 4 0 0
Cannon Refuge 80 90 15,600 10 2,010 0 300 0 100 0 0 0 0 0 0 0 0 0 0 18,020 50 0 0 0 0 1 2 0 10
Towhead Lake 90 80 7,100 0 100 0 0 0 0 0 0 500 0 0 0 0 0 0 0 7,700 500 350 100 0 1,000 0 4 0 230
Delair Refuge 90 40 45,000 100 0 0 3,000 0 0 0 0 1,000 0 0 0 0 0 0 0 49,100 1,600 18,000 100 0 0 2 2 0 100
Shanks Refuge 80 90 29,600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 29,600 300 0 0 0 0 9 3 0 0
Meyer-Keokuk 100 10 210 0 0 0 0 0 0 0 0 0 5 0 0 0 0 5 0 220 250 0 0 0 0 32 14 0 0
TOTAL LOWER 258,110 110 17,410 0 9,300 0 2,400 0 0 1,500 520 0 1,500 100 0 5 10 290,965 4,325 18,850 2,200 55 1,000 51 46 0 360
TOTAL MISSISSIPPI 272,430 110 17,410 0 9,300 0 2,500 0 2,320 1,500 17,520 100 1,805 13,565 610 205 10 339,385 8,055 20,050 2,205 65 1,000 55 49 5 395
 10-Year Average 
2009-2018 288,148 310 24,185 0 14,038 0 9,581 2,691 12,585 18,419 69,219 165 5,518 13,339 2,913 2,323 32 463,816 6,123 3,235 2,465 25 2,900 157 108 1 233
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 95 1,100 0 0 0 0 0 0 0 0 0 620 0 100 2,960 0 605 0 5,385 100 0 0 0 0 3 3 0 0
Arthur Refuge 100 90 1,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,000 200 150 0 0 0 0 0 0 0
Nauvoo-Ft. Madison 100 95 0 0 0 0 0 0 0 0 500 0 1,100 0 200 6,500 0 1,700 0 10,000 0 0 0 0 0 13 7 0 0
Ft. Madison-Dallas 100 90 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 450 0 550 825 0 0 0 0 3 1 0 0
Henderson Creek 80 99 1,200 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,205 0 0 0 0 0 3 0 0 0
Keithsburg Refuge 100 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 600 200 0 0 0 0 0 0 0
Louisa Refuge 90 99 450 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 450 0 200 0 0 0 1 0 0 0
TOTAL UPPER 3,750 5 0 0 0 0 0 0 500 0 1,720 0 300 9,560 0 2,755 0 18,590 1,725 550 0 0 0 23 11 0 0
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 95 650 0 0 0 0 0 0 0 0 50 120 0 900 0 0 0 0 1,720 400 1,700 0 0 0 1 4 0 45
Gilbert Lake 100 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Long Lake 100 95 15,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15,000 50 0 0 0 0 0 0 0 0
Dardenne Club 100 99 10,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10,000 0 0 0 0 0 0 2 0 0
Cuivre Club 100 95 65,000 0 4,000 0 1,000 0 0 0 0 0 0 0 0 0 0 0 0 70,000 0 0 0 0 0 2 3 0 0
Batchtown Refuge 100 90 25,000 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25,100 10 0 0 0 0 0 0 0 0
Cannon Refuge 70 99 2,000 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2,010 275 0 0 0 0 0 1 0 0
Towhead Lake 90 90 8,500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8,500 200 7,500 500 0 0 1 0 0 700
Delair Refuge 90 90 68,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 68,000 300 0 0 0 0 2 3 0 410
Shanks Refuge 80 99 18,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18,000 0 0 0 0 0 0 1 0 0
Meyer-Keokuk 100 30 0 0 0 0 0 0 0 0 0 0 110 0 0 0 0 700 0 810 1,450 0 0 0 0 70 23 0 0
TOTAL LOWER 212,150 110 4,000 0 1,000 0 0 0 0 50 230 0 900 0 0 700 0 219,140 2,685 9,200 500 0 0 76 37 0 1,155
TOTAL MISSISSIPPI 215,900 115 4,000 0 1,000 0 0 0 500 50 1,950 0 1,200 9,560 0 3,455 0 237,730 4,410 9,750 500 0 0 99 48 0 1,155
 10-Year Average 
2009-2018 228,453 334 15,025 0 12,333 59 10,610 2,307 11,194 16,609 67,648 82 3,561 11,690 1,299 5,364 9 386,577 10,159 5,070 4,121 24 2,319 74 56 0 479
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 60 0 0 0 0 0 0 0 0 10 0 10 0 200 2,220 0 440 0 2,880 300 0 0 0 0 4 2 0 0
Arthur Refuge 100 99 550 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 550 500 200 0 0 0 1 0 0 0
Nauvoo-Ft. Madison 100 20 110 0 0 0 0 0 0 0 500 0 100 0 0 6,100 200 4,400 0 11,410 350 0 0 0 0 8 4 0 0
Ft. Madison-Dallas 100 10 0 0 0 0 0 0 0 0 0 0 0 0 0 150 0 200 0 350 850 0 0 0 0 1 1 0 0
Henderson Creek 80 99 9,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9,000 1,500 0 0 0 0 3 2 0 0
Keithsburg Refuge 100 99 3,100 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 3,105 2,800 100 0 0 0 1 2 0 30
Louisa Refuge 90 99 7,990 10 0 0 0 0 0 0 0 0 0 0 0 0 0 300 0 8,300 1,200 1,000 0 0 0 0 0 0 0
TOTAL UPPER 20,750 10 0 0 0 0 0 0 515 0 110 0 200 8,470 200 5,340 0 35,595 7,500 1,300 0 0 0 18 11 0 30
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 80 9,610 0 0 0 0 0 100 0 0 500 600 0 150 200 0 380 0 11,540 900 1,500 0 0 0 1 1 0 50
Gilbert Lake 100 90 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 60 0 0 0 0 0 0 0 0
Long Lake 100 90 3,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,000 0 0 0 0 0 0 0 0 0
Dardenne Club 100 95 14,495 5 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15,000 0 0 0 0 0 0 0 0 0
Cuivre Club 100 80 70,000 0 5,000 0 2,000 0 5,000 0 0 0 0 0 0 0 0 0 0 82,000 0 0 0 0 0 1 3 0 0
Batchtown Refuge 100 80 9,500 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10,000 200 0 0 0 0 2 1 0 0
Cannon Refuge 70 99 695 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 700 0 0 0 0 0 0 0 0 0
Towhead Lake 70 90 9,100 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 9,150 100 9,050 500 0 0 1 1 0 1,000
Delair Refuge 90 70 29,900 0 0 0 0 0 100 0 0 2,000 0 0 0 0 0 0 0 32,000 500 5,000 0 0 0 0 0 0 455
Shanks Refuge 80 99 1,500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,500 600 0 0 0 0 0 4 0 20
Meyer-Keokuk 100 20 0 0 0 0 0 0 0 0 0 0 0 0 0 400 0 1,380 0 1,780 2,020 0 0 50 0 56 51 0 0
TOTAL LOWER 147,850 10 6,000 0 2,000 0 5,250 0 0 2,500 600 0 150 600 0 1,760 0 166,720 4,380 15,550 500 50 0 61 61 0 1,525
TOTAL MISSISSIPPI 168,600 20 6,000 0 2,000 0 5,250 0 515 2,500 710 0 350 9,070 200 7,100 0 202,315 11,880 16,850 500 50 0 79 72 0 1,555
 10-Year Average 
2009-2018 166,423 243 6,953 0 2,237 2 3,742 688 7,328 8,588 48,669 111 2,842 7,575 971 6,279 0 264,285 7,749 5,110 2,953 15 1,863 300 182 0 218
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 0 0 0 0 0 0 0 0 0 150 0 0 0 10 5,300 0 50 0 5,510 270 0 0 0 0 1 0 0 0
Arthur Refuge 100 0 250 0 0 0 0 0 50 0 0 0 0 0 0 800 0 0 0 1,100 2,000 400 0 0 0 0 0 0 0
Nauvoo-Ft. Madison 100 0 100 0 0 0 0 0 0 0 500 0 610 0 50 4,400 0 280 0 5,940 820 200 0 0 0 2 0 0 0
Ft. Madison-Dallas 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,130 0 100 0 1,230 150 0 0 0 0 3 1 0 0
Henderson Creek 70 0 1,100 0 0 0 0 0 0 10 0 0 0 0 0 100 0 690 0 1,900 370 0 0 0 0 6 8 0 0
Keithsburg Refuge 100 20 2,050 10 0 0 0 0 100 0 0 0 0 0 0 1,800 0 220 0 4,180 1,010 200 0 0 0 2 4 0 0
Louisa Refuge 90 10 1,810 5 0 0 0 0 0 0 0 0 0 0 0 0 0 260 0 2,075 1,300 4,000 0 0 0 2 1 0 50
TOTAL UPPER 5,310 15 0 0 0 0 150 10 650 0 610 0 60 13,530 0 1,600 0 21,935 5,920 4,800 0 0 0 16 14 0 50
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 0 220 0 0 0 0 0 450 0 0 320 500 0 230 120 0 10 10 1,860 205 1,000 1,000 0 0 3 3 0 40
Gilbert Lake 100 0 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 110 100 0 0 0 0 0 0 0 0
Long Lake 100 0 6,000 0 500 0 0 0 0 0 0 500 0 0 0 0 0 0 0 7,000 0 0 0 0 0 1 0 0 0
Dardenne Club 100 0 11,210 100 1,050 0 200 0 610 50 0 0 0 0 0 0 0 0 0 13,220 300 0 0 0 0 0 0 0 0
Cuivre Club 100 0 17,000 100 1,000 0 1,000 0 1,000 0 0 500 0 0 0 0 0 0 0 20,600 0 0 0 0 0 0 0 0 0
Batchtown Refuge 100 0 1,510 10 0 0 0 0 0 0 0 200 0 0 0 0 0 0 10 1,730 20 0 0 0 0 0 0 0 0
Cannon Refuge 70 0 5,250 5 1,000 0 0 0 100 0 0 0 0 0 0 0 0 0 0 6,355 130 1,505 0 0 0 0 0 0 20
Towhead Lake 30 0 2,500 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 2,600 100 200 1,000 0 0 3 0 0 175
Delair Refuge 90 0 3,000 0 0 0 0 0 0 0 0 2,500 10 0 0 0 0 0 0 5,510 100 5,000 1,000 0 0 0 3 0 450
Shanks Refuge 80 0 11,100 0 610 0 0 0 300 0 0 1,000 0 0 0 0 0 0 0 13,010 600 680 0 0 0 2 3 0 60
Meyer-Keokuk 100 0 0 0 0 0 0 0 0 0 0 0 20 0 0 20 0 205 0 245 30 0 0 50 0 17 6 0 0
TOTAL LOWER 57,900 215 4,160 0 1,200 0 2,560 50 0 5,020 530 0 230 140 0 215 20 72,240 1,585 8,385 3,000 50 0 26 15 0 745
TOTAL MISSISSIPPI 63,210 230 4,160 0 1,200 0 2,710 60 650 5,020 1,140 0 290 13,670 0 1,815 20 94,175 7,505 13,185 3,000 50 0 42 29 0 795
 10-Year Average 
2009-2018  187,771  121  4,422 0  2,778 0  1,717  178  5,884  5,854  54,360 0  592  4,976  407  4,406 0  273,466  10,033  10,673  4,356  21  151  138  94 0  418 
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
UPPER MISSISSIPPI RIVER VALLEY Date: Observer: Aaron Yetter
   LOCATION %WET %ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME TOTAL DUCKS CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWN
Keokuk-Nauvoo 100 10 50 0 0 0 0 0 0 0 0 0 100 0 50 8,800 0 250 0 9,250 320 0 0 0 0 1 0 0 0
Arthur Refuge 100 90 1,500 0 0 0 0 0 0 0 0 0 0 0 0 520 0 0 0 2,020 1,170 2,000 0 0 0 0 0 0 60
Nauvoo-Ft. Madison 100 10 150 0 0 0 0 0 5 0 0 0 500 0 0 2,910 0 400 0 3,965 170 0 0 0 0 1 1 0 40
Ft. Madison-Dallas 100 10 70 0 0 0 0 0 0 0 0 0 0 0 0 560 0 905 0 1,535 605 0 0 0 0 3 2 0 0
Henderson Creek 70 50 4,000 0 0 0 0 0 0 0 0 0 0 0 0 500 0 2,300 0 6,800 200 500 0 0 0 12 14 0 0
Keithsburg Refuge 100 50 150 0 0 0 0 0 0 0 0 0 0 0 0 70 0 0 0 220 650 0 0 0 0 4 1 0 5
Louisa Refuge 90 70 100 0 0 0 0 0 0 0 0 0 0 0 0 10 0 310 0 420 100 5,000 0 0 0 0 0 0 5
TOTAL UPPER 6,020 0 0 0 0 0 5 0 0 0 600 0 50 13,370 0 4,165 0 24,210 3,215 7,500 0 0 0 21 18 0 110
LOWER MISSISSIPPI RIVER VALLEY 
Swan Lake 100 10 570 0 50 0 0 0 70 0 20 1,600 1,300 0 400 210 0 60 0 4,280 730 805 1,500 5 0 2 4 0 25
Gilbert Lake 100 30 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 250 0 0 0 0 4 2 0 0
Long Lake 100 0 500 0 110 0 0 0 0 0 0 500 0 0 0 0 0 0 0 1,110 0 0 0 0 0 0 0 0 0
Dardenne Club 100 40 8,200 0 1,700 0 0 0 100 0 0 0 0 0 0 0 0 0 0 10,000 0 0 0 0 5 0 0 0 0
Cuivre Club 100 10 8,000 0 500 0 300 0 700 200 0 0 0 0 0 0 0 0 0 9,700 0 0 0 0 0 0 2 0 0
Batchtown Refuge 100 10 400 0 50 0 0 0 100 0 0 100 0 0 0 0 0 0 0 650 150 0 0 0 0 0 0 0 0
Cannon Refuge 70 10 2,200 0 3,220 0 0 0 50 0 0 0 0 0 0 0 0 0 0 5,470 230 200 150 0 0 0 1 0 40
Towhead Lake 30 10 400 0 0 0 0 0 300 0 0 10 0 0 0 0 0 0 0 710 1,100 5,100 100 0 0 0 0 0 850
Delair Refuge 90 10 100 0 0 0 0 0 0 0 0 500 10 0 0 0 0 0 0 610 120 1,200 0 0 0 0 0 0 105
Shanks Refuge 80 20 6,000 0 1,200 0 0 0 0 0 0 1,500 0 0 0 0 0 0 0 8,700 1,250 7,100 1,500 0 0 2 2 0 30
Meyer-Keokuk 100 0 30 0 0 0 0 0 0 0 0 0 450 0 0 0 0 110 0 590 325 0 0 30 0 40 35 0 0
TOTAL LOWER 26,410 0 6,830 0 300 0 1,320 200 20 4,210 1,760 0 400 210 0 170 0 41,830 4,155 14,405 3,250 35 5 48 46 0 1,050
TOTAL MISSISSIPPI 32,430 0 6,830 0 300 0 1,325 200 20 4,210 2,360 0 450 13,580 0 4,335 0 66,040 7,370 21,905 3,250 35 5 69 64 0 1,160
 10-Year Average 
2009-2018 157,228 35 1,903 0 1,100 0 1,140 0 3,067 12,037 19,298 0 0 12,195 3 3,302 2 211,310 8,275 18,585 7,437 33 67 351 284 0 1,000
 01/08/2020 BAEA
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
MISSISSIPPI RIVER VALLEY Date:  March 4, 2020 Observer: Aaron Yetter Pilot:  Mike Cruce
   LOCATION % WET % ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME
TOTAL 
DUCKS
CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWAN
Muscatine - Moline 100 10 100 0 0 0 0 0 0 0 0 0 100 0 0 50 0 515 0 765 55 0 0 0 0 6 5 0 0
Andalusia Refuge 70 10 3,000 0 1,000 0 0 0 200 0 0 300 0 0 0 0 0 800 0 5,300 155 0 0 0 0 6 18 0 0
Louisa - Muscatine 100 0 500 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 600 205 2,000 0 0 0 60 30 0 25
Louisa Refuge 60 0 910 0 0 0 50 0 250 50 600 600 200 50 0 10 0 1,120 0 3,840 0 5,000 0 0 0 3 0 0 0
New Boston 100 0 0 0 0 0 0 0 30 0 30 0 110 0 0 0 0 45 0 215 0 0 0 0 0 1 0 0 0
Keithsburg Refuge 80 10 1,050 0 0 0 150 10 600 0 0 100 0 0 0 20 0 70 0 2,000 90 0 0 0 0 8 11 0 0
Oquawka - Keithsburg 100 10 0 0 0 0 0 0 0 0 10 0 0 0 0 0 10 40 0 60 0 0 0 20 0 10 8 0 0
Henderson Creek 70 0 2,000 0 150 0 250 0 300 150 500 500 1,500 0 0 100 0 230 0 5,680 0 0 0 0 0 1 12 0 0
Oquawka Refuge 100 10 100 0 0 0 0 0 10 0 0 0 0 0 0 50 0 0 0 160 20 0 0 0 0 2 0 0 0
Crystal Lake 90 0 3,150 0 2,000 0 0 0 600 0 500 1,000 1,000 0 0 0 0 0 0 8,250 700 3,000 0 0 0 1 0 0 0
Burlington - Oquawka 100 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 100 20 2,000 0 0 0 0 0 0 0
Dallas City - Burlington 100 0 200 0 0 0 0 0 80 0 50 0 0 0 0 430 0 50 0 810 190 0 0 0 0 4 0 0 0
Turkey Slough 80 0 100 0 0 0 0 0 100 0 0 0 510 0 0 0 0 0 0 710 20 700 0 5 0 0 0 0 100
Fort Madison - Dallas City 100 0 30 0 0 0 0 0 0 0 100 0 0 0 0 210 0 150 0 490 65 0 0 0 0 1 0 0 0
Nauvoo - Ft. Madison 100 0 120 0 0 0 10 0 100 100 9,950 500 3,500 0 0 240 50 950 0 15,520 330 1,000 20 205 0 0 0 0 25
Arthur Refuge 90 0 200 0 0 0 100 0 0 0 0 0 0 0 0 200 10 10 0 520 350 500 0 0 0 0 0 0 0
Keokuk - Nauvoo 100 0 0 0 0 0 0 0 0 0 7,500 10 800 0 0 1,205 115 180 0 9,810 20 0 0 0 0 0 0 0 5
Total Upper Mississippi 11,460 0 3,150 0 560 10 2,370 300 19,340 3,010 7,720 50 0 2,515 185 4,160 0 54,830 2,220 14,200 20 230 0 103 84 0 155
Meyer - Keokuk 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 6 1 0 0
Gardner Refuge 50 0 110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 110 110 0 0 0 0 0 0 0 0
Quincy - Meyer 100 0 100 0 0 0 0 0 0 150 0 50 0 0 0 0 0 0 0 300 10 0 0 20 0 3 10 10 0
Hannibal - Quincy 100 0 300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 305 0 0 0 0 0 1 4 0 5
Saverton - Hannibal 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gardner Club 90 0 300 0 0 0 0 0 600 150 0 10 0 0 0 0 0 0 0 1,060 20 0 0 0 0 0 0 0 0
Louisiana - Saverton 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0
Shanks Refuge 50 0 5,260 0 3,520 0 1,530 100 2,010 2,500 0 2,000 0 0 0 0 0 0 0 16,920 75 0 0 5 50 2 3 0 5
Delair Refuge 90 0 300 0 200 0 1,300 0 400 1,300 300 600 100 0 0 0 0 0 0 4,500 30 0 10 0 0 0 0 0 10
Towhead 50 0 1,010 0 0 0 200 0 500 700 0 150 0 0 0 0 0 0 0 2,560 50 1,000 600 0 0 0 0 0 215
Sny Slough 80 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0 0
Clarksville SGR 80 0 100 0 0 0 50 0 50 0 0 0 0 0 0 0 0 0 0 200 50 0 0 0 0 2 9 0 0
Twin Ponds 30 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 50 5 0 0 0 0 1 0 0 0
Cannon Refuge 100 0 1,960 0 205 0 900 0 250 800 10 510 0 0 0 0 50 10 0 4,695 55 50 405 0 100 0 1 0 0
Gilead 70 0 30 0 0 0 30 0 0 10 0 0 0 0 0 0 0 0 0 70 5 0 0 0 0 1 1 0 0
Batchtown Refuge 90 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 1 1 0 0
Batchtown Pool 90 0 20 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 30 10 0 0 100 0 0 0 0 0
Cuivre Club 80 0 3,200 0 50 0 270 0 1,200 1,050 0 0 0 0 0 0 0 0 0 5,770 0 0 0 50 0 0 0 0 0
Dardenne Club 50 0 110 0 50 0 2,700 0 410 760 0 0 0 0 0 0 0 0 0 4,030 0 0 0 0 0 0 0 0 0
Marais Temps Clair 80 0 50 0 0 0 0 0 150 50 0 0 0 0 0 0 0 0 0 250 0 0 0 0 0 0 0 0 5
Grafton - Alton 90 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 50 20 0 0 5 0 1 7 0 0
Riverlands 30 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 25 110 100 0 0 0 0 0 0
Long Lake 100 0 110 0 0 0 0 0 10 0 0 50 0 0 0 0 0 0 0 170 0 0 0 0 0 1 0 0 0
Gilbert Lake 100 0 5 0 0 0 0 0 80 0 0 0 0 0 0 0 0 0 0 85 10 0 0 0 0 0 1 0 0
Swan Lake 100 0 660 0 150 0 250 0 250 300 0 100 0 0 30 0 50 0 50 1,840 35 0 0 50 0 1 3 0 0
Stump Lake 100 0 850 0 600 0 1,200 0 2,500 200 0 0 0 0 0 0 0 5 0 5,355 120 0 0 0 0 0 0 0 0
Michael Godar Hurricane Diamond 90 0 100 0 0 0 0 0 0 0 0 1,100 0 0 0 0 0 0 0 1,200 20 0 0 0 0 1 0 0 25
Total Lower Mississippi 14,630 0 4,775 0 8,480 100 8,560 7,980 310 4,570 100 0 30 0 100 20 50 49,705 690 1,160 1,115 230 150 22 43 10 265
Total Mississippi 26,090 0 7,925 0 9,040 110 10,930 8,280 19,650 7,580 7,820 50 30 2,515 285 4,180 50 104,535 2,910 15,360 1,135 460 150 125 127 10 420
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
MISSISSIPPI RIVER VALLEY Date:  March 10, 2020 Observer: Aaron Yetter Pilot:  Mike Cruce
   LOCATION % WET % ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME
TOTAL 
DUCKS
CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWAN
Muscatine - Moline 100 10 0 0 0 0 0 0 10 320 0 0 0 0 0 10 0 280 0 620 20 0 0 0 0 4 0 0 0
Andalusia Refuge 80 0 50 0 0 0 50 0 150 100 0 0 10 0 0 0 0 10 0 370 20 0 0 0 0 0 0 0 0
Louisa - Muscatine 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 70 0 13 3 0 0
Louisa Refuge 60 0 100 0 0 0 0 0 150 300 900 0 0 0 0 0 0 50 0 1,500 20 1,000 5 5 0 0 0 0 0
New Boston 100 0 0 0 0 0 0 0 0 0 20 0 0 0 0 10 0 10 0 40 0 0 0 0 0 4 0 0 0
Keithsburg Refuge 80 0 500 0 0 0 100 30 550 500 70 100 0 0 0 0 10 0 0 1,860 0 0 0 440 0 4 2 0 0
Oquawka - Keithsburg 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 5 0 15 40 0 0 0 0 4 0 0 0
Henderson Creek 70 0 1,150 0 0 0 420 0 500 900 2,600 100 410 0 0 0 0 0 0 6,080 10 0 2,000 200 0 12 29 0 0
Oquawka Refuge 100 0 100 0 0 0 0 0 200 100 0 0 0 0 0 0 0 0 0 400 50 0 0 50 0 0 0 0 0
Crystal Lake 90 0 500 0 0 0 100 0 1,200 1,000 500 5,000 0 0 0 100 0 0 0 8,400 100 2,300 0 0 500 1 2 0 0
Burlington - Oquawka 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0
Dallas City - Burlington 100 0 210 0 0 0 400 0 100 0 220 100 0 0 0 100 0 45 0 1,175 25 0 0 50 0 5 1 0 0
Turkey Slough 90 0 500 0 0 0 0 0 1,200 1,000 500 5,500 0 0 0 100 0 0 0 8,800 100 2,300 0 0 0 1 1 0 0
Fort Madison - Dallas City 100 0 0 0 0 0 0 0 100 100 0 0 0 0 0 100 0 20 0 320 75 0 0 0 0 3 0 0 0
Nauvoo - Ft. Madison 100 0 60 0 0 0 50 0 1,500 900 1,250 1,500 110 0 0 610 0 10 0 5,990 35 1,500 100 150 0 0 0 0 0
Arthur Refuge 90 0 0 0 0 0 60 0 350 100 0 0 0 0 0 60 0 10 0 580 50 0 0 0 0 0 0 0 0
Keokuk - Nauvoo 100 0 150 0 0 0 0 0 220 1,000 4,300 0 60 0 210 80 110 10 0 6,140 95 0 5 0 0 0 1 0 0
Total Upper Mississippi 3,320 0 0 0 1,180 30 6,230 6,320 10,360 12,300 590 0 210 1,180 120 450 0 42,290 690 7,100 2,110 965 500 54 39 0 0
Meyer - Keokuk 100 0 0 0 0 0 0 0 0 0 200 0 100 0 0 0 0 0 0 300 0 0 10 200 0 16 2 0 0
Gardner Refuge 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 1 0 0 0
Quincy - Meyer 100 0 200 0 0 0 0 0 450 200 0 0 0 0 0 0 0 0 0 850 40 0 0 15 0 6 1 0 0
Hannibal - Quincy 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 3 0 0
Saverton - Hannibal 100 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 0 0 0 5 0 0 0
Gardner Club 90 0 100 0 0 0 100 0 400 100 0 0 0 0 0 0 0 0 0 700 5 200 0 0 0 0 0 0 0
Louisiana - Saverton 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 0 0 0 0 0 2 2 0 0
Shanks Refuge 60 0 2,860 0 110 0 910 0 1,550 900 0 400 0 0 0 0 0 0 0 6,730 15 0 0 0 800 1 3 0 0
Delair Refuge 60 0 400 0 0 0 1,200 0 1,700 400 1,200 200 100 0 0 0 0 0 0 5,200 150 0 0 0 100 1 0 0 0
Towhead 40 0 100 0 0 0 800 0 700 200 0 0 0 0 0 0 0 0 0 1,800 0 210 200 0 100 0 0 0 10
Sny Slough 90 0 0 0 0 0 0 0 600 100 0 0 0 0 0 0 0 0 0 700 0 0 0 0 0 0 0 0 0
Clarksville SGR 70 0 0 0 0 0 25 0 200 0 0 0 0 0 0 0 0 0 0 225 20 0 0 0 0 0 0 0 0
Twin Ponds 40 0 10 0 0 0 130 0 250 0 0 0 0 0 0 0 0 0 0 390 0 0 0 0 0 1 1 0 0
Cannon Refuge 90 0 1,170 0 100 0 5,150 0 900 2,760 10 1,130 0 0 0 0 0 0 0 11,220 60 0 0 0 400 0 0 0 0
Gilead 80 0 0 0 0 0 100 0 100 0 0 0 0 0 0 0 0 0 0 200 10 0 0 0 0 1 1 0 0
Batchtown Refuge 90 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 1 0 0 0
Batchtown Pool 90 0 0 0 0 0 200 0 0 100 0 0 0 0 0 0 0 0 0 300 0 0 0 200 0 0 7 0 0
Cuivre Club 80 0 170 0 10 0 210 0 350 650 0 10 0 0 0 0 0 0 0 1,400 0 0 0 0 0 0 0 0 0
Dardenne Club 50 0 0 0 0 0 360 0 725 245 0 0 0 0 0 0 0 0 0 1,330 0 0 0 0 200 0 0 0 0
Marais Temps Clair 80 50 0 0 0 0 10 0 160 10 0 0 0 0 200 0 0 0 0 380 0 0 0 5 0 0 0 0 0
Grafton - Alton 90 0 0 0 0 0 150 0 0 0 0 0 0 0 0 0 0 0 0 150 0 0 0 20 0 0 1 0 0
Riverlands 40 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 100 100 0 0 0 0 0 0
Long Lake 100 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 0 0 5 0 0 0 0 0
Gilbert Lake 100 0 100 0 0 0 800 0 0 150 0 0 0 0 0 0 0 0 0 1,050 50 0 0 0 0 0 0 0 0
Swan Lake 100 0 560 0 0 0 400 0 200 500 350 150 20 0 1,850 20 20 10 0 4,080 10 0 0 200 110 0 0 0 0
Stump Lake 100 0 600 0 50 0 100 0 300 300 0 0 0 0 0 0 0 0 0 1,350 35 0 0 0 0 1 0 0 0
Michael Godar Hurricane Diamond 90 0 0 0 0 0 0 0 0 0 30 700 0 0 0 0 0 0 0 730 5 0 0 50 0 4 0 0 0
Total Lower Mississippi 6,310 0 270 0 10,645 0 8,585 6,615 1,790 2,590 220 0 2,050 20 20 10 5 39,130 440 510 310 715 1,710 47 21 0 10
Total Mississippi 9,630 0 270 0 11,825 30 14,815 12,935 12,150 14,890 810 0 2,260 1,200 140 460 5 81,420 1,130 7,610 2,420 1,680 2,210 101 60 0 10
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ILLINOIS NATURAL HISTORY SURVEY WATERFOWL AERIAL INVENTORY DATA
MISSISSIPPI RIVER VALLEY Date:  March 17, 2020 Observer: Aaron Yetter Pilot:  Mike Cruce
   LOCATION % WET % ICE MALL ABDU NOPI BWTE GWTE AMWI GADW NSHO LESC RNDU CANV REDH RUDU COGO BUFF COME HOME
TOTAL 
DUCKS
CAGO GWFG LSGO AWPE AMCO AD IMM DCCO SWAN
Muscatine - Moline 100 0 0 0 0 0 0 0 0 0 410 0 100 0 0 0 0 20 0 530 5 0 0 0 0 10 0 0 0
Andalusia Refuge 90 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 45 0 95 5 0 0 0 0 0 0 0 0
Louisa - Muscatine 100 0 0 0 0 0 0 0 50 100 0 0 0 0 0 0 0 10 0 160 100 0 0 0 0 2 2 0 5
Louisa Refuge 60 0 5 0 0 0 0 0 310 200 300 200 0 0 0 0 0 55 0 1,070 10 0 0 0 0 2 1 0 0
New Boston 100 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 5 0 10 0 0 0 0 0 16 7 5 0
Keithsburg Refuge 90 0 15 0 0 0 100 0 405 190 600 0 0 0 0 0 10 5 0 1,325 35 0 0 5 300 5 4 0 0
Oquawka - Keithsburg 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 25 0 30 20 0 0 0 0 2 0 0 0
Henderson Creek 70 0 100 0 0 0 50 0 300 530 50 3,000 20 0 0 0 0 0 0 4,050 0 0 100 15 0 1 0 0 0
Oquawka Refuge 100 0 0 0 0 0 5 0 0 0 10 0 0 0 0 0 0 0 0 15 5 0 0 0 0 4 0 0 0
Crystal Lake 90 0 1,000 0 0 0 1,500 0 500 800 100 100 200 0 0 0 0 0 0 4,200 10 200 0 650 1,000 1 4 0 0
Burlington - Oquawka 100 0 0 0 0 0 1,000 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0 0 0 500 0 0 0 0 0
Dallas City - Burlington 100 0 0 0 0 0 0 0 170 0 540 0 0 0 0 0 0 10 0 720 20 0 0 0 100 3 2 200 0
Turkey Slough 90 0 0 0 0 0 0 0 100 0 100 0 0 0 0 0 0 0 0 200 0 0 0 0 0 0 0 0 0
Fort Madison - Dallas City 100 0 10 0 0 0 0 0 100 0 10 0 0 0 0 0 0 0 0 120 30 0 0 0 0 0 2 0 0
Nauvoo - Ft. Madison 100 0 10 0 0 0 100 0 60 1,100 8,520 0 30 0 110 120 400 60 0 10,510 45 200 120 10 0 1 0 0 10
Arthur Refuge 90 0 100 0 0 0 0 0 150 0 0 0 0 0 0 0 0 0 0 250 90 0 0 0 0 1 3 0 5
Keokuk - Nauvoo 100 0 0 0 0 0 0 0 0 150 13,100 0 350 0 300 750 510 35 0 15,195 40 0 0 5 0 0 0 0 0
Total Upper Mississippi 1,290 0 0 0 2,755 0 2,150 3,070 23,740 3,300 700 0 410 875 920 270 0 39,480 415 400 220 1,185 1,400 48 25 205 20
Meyer - Keokuk 100 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 5 0 0 200 0 8 1 0 0
Gardner Refuge 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Quincy - Meyer 100 0 0 0 0 0 0 0 0 0 1,810 0 520 0 0 0 0 0 0 2,330 0 0 0 0 0 0 2 300 5
Hannibal - Quincy 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 5 10 0 0 0 0 5 1 0 0
Saverton - Hannibal 100 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0
Gardner Club 90 0 100 0 0 0 200 0 300 200 0 50 0 0 0 0 0 0 0 850 0 0 0 0 300 0 0 0 0
Louisiana - Saverton 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 2 0 0 0
Shanks Refuge 60 0 2,610 0 0 0 1,050 0 350 720 150 150 0 0 50 0 0 0 0 5,080 55 0 0 5 1,300 1 3 0 0
Delair Refuge 60 0 100 0 0 0 500 50 2,200 500 0 0 0 0 0 0 0 0 0 3,350 10 0 0 0 0 1 0 0 0
Towhead 40 0 0 0 0 50 1,000 0 1,150 1,050 0 0 0 0 0 0 0 0 0 3,250 5 210 0 75 0 0 0 0 15
Sny Slough 90 0 0 0 0 0 100 20 900 100 0 0 0 0 0 0 0 0 0 1,120 0 0 0 0 5 0 0 0 10
Clarksville SGR 60 0 0 0 0 0 250 0 0 100 0 0 0 0 0 0 0 0 0 350 20 0 0 0 0 1 2 0 0
Twin Ponds 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cannon Refuge 80 0 210 0 0 0 2,100 0 750 2,030 0 200 0 0 0 0 10 0 0 5,300 30 0 0 0 1,500 1 0 0 0
Gilead 80 0 0 0 0 0 100 0 0 50 0 0 0 0 0 0 0 0 0 150 10 0 0 0 0 1 0 0 0
Batchtown Refuge 90 0 5 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 5 20 0 0 0 0 0 2 1 0 0
Batchtown Pool 90 0 10 0 0 0 200 0 0 50 0 0 0 0 0 0 0 0 0 260 0 0 0 0 0 0 0 0 0
Cuivre Club 60 0 10 0 0 0 1,500 0 50 500 0 0 0 0 0 0 0 0 0 2,060 0 0 0 500 0 0 0 0 0
Dardenne Club 50 0 50 0 0 0 900 0 200 1,080 0 0 0 0 0 0 10 0 0 2,240 0 0 0 65 200 1 1 0 0
Marais Temps Clair 80 0 50 0 0 0 650 0 400 410 0 0 0 0 0 0 0 0 0 1,510 5 0 0 0 0 0 0 0 0
Grafton - Alton 90 0 30 0 0 0 620 0 0 60 0 0 0 0 0 0 0 0 0 710 45 0 0 200 0 0 7 20 0
Riverlands 40 0 10 0 0 0 120 0 0 20 0 0 0 0 0 0 0 0 0 150 10 0 0 0 0 0 0 0 0
Long Lake 100 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 0 0 0 0 4 2 0 0
Gilbert Lake 100 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 10 0 0 30 10 0 0 0 0 0 0 0 0
Swan Lake 90 0 100 0 0 0 700 0 100 200 240 0 150 0 1,970 20 70 0 0 3,550 15 20 0 105 0 1 7 0 0
Stump Lake 100 0 305 0 0 0 700 0 200 500 0 0 0 0 0 0 0 0 0 1,705 35 10 0 5 0 0 0 10 0
Michael Godar Hurricane Diamond 90 0 10 0 0 0 0 0 0 150 150 0 0 0 120 0 0 0 0 430 20 0 0 0 300 0 0 0 0
Total Lower Mississippi 3,620 0 0 50 10,750 70 6,600 7,740 2,350 400 670 0 2,140 25 100 0 5 34,520 325 240 0 1,155 3,605 28 28 330 30
Total Mississippi 4,910 0 0 50 13,505 70 8,750 10,810 26,090 3,700 1,370 0 2,550 900 1,020 270 5 74,000 740 640 220 2,340 5,005 76 53 535 50
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Appendix 2.  Disturbance Caused by Aerial Waterfowl Surveys  
during the Nonbreeding Season – Gilbert et al. 2020 
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Disturbance Caused by Aerial Waterfowl
Surveys During the Nonbreeding Season
ANDREW D. GILBERT,1 Illinois Natural History Survey, Forbes Biological Station–Bellrose Waterfowl Research Center, University of Illinois at
Urbana‐Champaign, 20003 CR 1770 E, Havana, IL 62644, USA
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ABSTRACT Aerial surveys flown at low altitudes allow detection, identification, and enumeration of
waterfowl and other waterbirds, but few studies have assessed disturbance to these guilds during the
nonbreeding period. Excessive disturbance can potentially increase energy expenditure and exposure to
hunting mortality contrary to objectives of many waterfowl sanctuaries where surveys are conducted. We
used concurrent ground and aerial surveys to estimate the proportion of waterfowl and other waterbirds that
exhibited a noticeable reaction (i.e., disturbance) or left the survey area entirely (i.e., abandonment) during
low‐altitude (i.e., 60–90m above ground level) aerial surveys during September through January 2014–2017
in Illinois, USA. Overall, disturbance and abandonment probabilities of waterfowl (x̄= 14± 2% [SE] and
x̄= 3± 1%, respectively) during aerial surveys were low. However, disturbance and abandonment proba-
bilities varied considerably among taxa (e.g., American coot [Fulica americana] x̄= 2± 1% and x̄= 0± 0%,
respectively; killdeer [Charadrius vociferus] x̄= 92± 8% and x̄= 17± 17%, respectively). Additionally, dis-
turbance and abandonment probabilities of light geese (i.e., snow goose [Chen caerulescens] and Ross's goose
[C. rossii]) and greater white‐fronted geese (Anser albifrons) were relatively high, and nearly all light geese
abandoned a survey location as a result of the aerial survey. Among waterfowl taxa, the odds of disturbance
from the survey aircraft were 2.2–6.2 times greater at locations closed to waterfowl hunting than locations
open to waterfowl hunting. Temperature, wind speed, and cloud cover were not important predictors of
disturbance for most guilds, except for a negative influence of temperature on disturbance of geese. Low‐
altitude aerial surveys were not a significant source of disturbance for many taxa and abandonment events
were rare, except events involving light geese. Periodic low‐altitude aerial surveys appear to be compatible
with objectives of providing sanctuary conditions for most waterfowl and other waterbirds. © 2020 The
Wildlife Society.
KEY WORDS aerial survey, disturbance probability, duck, Illinois River Valley, migration, waterbird, waterfowl.
Wetland managers commonly use aerial surveys to monitor
distribution and abundance of waterfowl and other water-
birds to aid in population management and habitat con-
servation (Soulliere et al. 2013). Typically, aerial surveys are
flown at low altitudes (i.e., <150m) to increase detection
rates, minimize count bias (Gilbert 2018), and enable spe-
cies identification, but few studies have assessed disturbance
(i.e., notable change in behavior) or abandonment (i.e.,
emigration from a site) of waterfowl and other waterbirds
caused by aircraft during low‐altitude aerial surveys (Boyd
and Jehl 1998, Southwell 2005). Consequently, any re-
sulting responses could ultimately affect subsequent be-
havior (e.g., increased vigilance) and condition (e.g.,
reduced body condition, greater energy expenditure) and be
incompatible with goals of many areas to provide sanctuary
conditions (Miller 1994, Hagy et al. 2017). For many spe-
cies of waterfowl and other waterbirds, migratory stopover
locations are important to rest and rebuild fat reserves
needed for long‐distance migratory flights (Weber
et al. 1998, Anteau and Afton 2004). Excessive human
disturbance can have negative effects by reducing foraging
opportunities and making birds expend additional energy
when energy conservation is important to survival
(Taylor 1993, Schummer and Eddleman 2003, Pease
et al. 2005).
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Researchers that have assessed effects of aircraft on
waterfowl and other waterbird behavior have primarily
focused on commercial, recreational, and military aircraft
(Conomy et al. 1998, Ward et al. 1999, Komenda‐Zehnder
et al. 2003, DeRose‐Wilson et al. 2015, Hillman
et al. 2015). But low‐altitude (i.e., <150m above ground
level) surveys specifically designed for estimating abundance
of waterfowl and other waterbirds may cause greater dis-
turbance than high‐altitude aircraft (i.e., >150m above
ground level). Previous researchers that assessed aircraft
disturbance to birds focused on factors associated with the
aircraft (e.g., altitude, noise level, aircraft type). Generally,
researchers have reported increased bird disturbance
with increasing aircraft noise levels (Delaney et al. 1999,
Ward et al. 1999) and decreased separation distance (Ward
et al. 1999, Komenda‐Zehnder et al. 2003, McRoberts
et al. 2011). Environmental variables (e.g., temp, wind
speed), however, and anthropogenic factors (e.g., hunting
pressure) also may influence how birds react to aerial
surveys.
Weather affects waterbirds during many important life‐cycle
events, including breeding (Hammond and Johnson 1984,
Greenwood et al. 1995, Schekkerman et al. 1998), migration
(Fredrickson 1969, Bellrose 1974, Schummer et al. 2010), and
wintering periods (Davidson 1981, Jorde et al. 1984,
McKinney and McWilliams 2005). Laursen et al. (2005)
documented that waterbirds reacted to disturbance at greater
distances on clear days with good visibility than on cloudy days
with reduced visibility during autumn along the Danish
Walden Sea in Sweden. They also found that wind speed
influenced waterbird disturbance, but its influence varied
among species (Laursen et al. 2005). McGowan et al. (2002)
reported that red knots (Calidris canutus) wintering in Scotland
had greater responses to disturbance at greater wind speeds
and temperatures. Therefore, weather conditions may affect
waterbird disturbance and abandonment rates during aerial
surveys.
Hunting can affect the behavior and spatial distribution
of waterfowl and other waterbirds (Madsen 1988, Evans
and Day 2002, Dooley et al. 2010, Hagy et al. 2017). In a
review on disturbance of waterfowl and other waterbirds
from hunting, Madsen and Fox (1995) reported indirect
evidence that hunting activity caused greater disturbance
than many other forms of human activity. Additionally,
waterfowl tend to flush at greater distances at locations
where hunting is allowed compared with closed sanctuary
locations (Owens 1977, Laursen et al. 2005, Kruckenberg
et al. 2008). Waterfowl and other waterbirds also exhibit
increased disturbance after the onset of hunting season
(Madsen 1985, 1988). Because greater rates of waterfowl
disturbance were positively associated with hunting pres-
sure, disturbance rates during an aerial survey also may be
greater in hunted areas.
Our primary objective was to assess the effects of low‐
altitude (i.e., 60–90m above ground level) aerial surveys on
disturbance and abandonment probabilities of waterfowl and
other waterbirds during the nonbreeding season at a major
midcontinent migration stopover area of North America.
Additionally, we evaluated factors that may affect disturbance
and abandonment rates of waterfowl, including environ-
mental factors (e.g., cloud cover, temp, wind speed) and
whether a location was open to waterfowl hunting (hereafter,
hunting status). We hypothesized that 1) disturbance and
abandonment probabilities of waterfowl and other waterbirds
would be minimal, 2) environmental variables would influ-
ence disturbance and abandonment probabilities of water-
fowl, and 3) waterfowl would have greater disturbance and
abandonment probabilities at locations that were open to
waterfowl hunting.
STUDY AREA
We conducted surveys within or near the approximate
100‐year floodplain of the Illinois River from Hennepin to
Havana, Illinois, USA, from September through January
2014–2017. The Illinois River Valley (IRV) is generally flat
or gently sloping and at or near 132m above sea level.
Survey locations were located along 141 river km and en-
compassed a variety of federal (e.g., national wildlife ref-
uges), state (e.g., wildlife management areas), and private
lands (Fig. 1). Historically, wetlands within the IRV were
primarily composed of shallow floodplain lakes containing
submersed and emergent aquatic vegetation that bordered
the river (Havera 1999). Much of the contemporary wa-
terfowl habitat in the IRV is comprised of open water and
non‐persistent emergent, scrub shrub, and forested wetlands
that are devoid of persistent and submersed aquatic vege-
tation (Havera 1999, Lemke et al. 2017). Many wetlands
within the study area were managed to provide stopover
habitat for migratory waterfowl and other waterbirds
(Stafford et al. 2010, Yetter et al. 2018). Management of
wetlands ranged from areas that allowed private or public
access for recreational activities (e.g., waterfowl hunting,
boating, fishing, wildlife viewing) to areas designated as
sanctuaries where anthropogenic disturbance to waterfowl
and other waterbirds were limited (Havera 1999). The IRV
is within the temperate climate zone and average daily
maximum temperature during the study period ranged from
a high of 13.3°C during September to a low of −0.8°C in
January, and average daily minimum temperatures ranged
from a high of 27.1°C during September to a low of −8.6°C
during January (National Oceanic and Atmospheric
Administration [NOAA] 2019). Average daily wind speeds
during the study period ranged from a high of 14.8 km/hour
during November to a low of 10.0 km/hour during
September (NOAA 2019).
METHODS
Waterfowl and Waterbird Surveys
From September through January 2014–2017, we con-
ducted cruise‐ and quadrat‐style aerial surveys weekly
as part of the Illinois Natural History Survey (INHS)
aerial waterfowl inventory. We conducted aerial surveys
from a single‐engine, fixed‐wing aircraft (Piper Arrow;
Piper Aircraft, Vero Beach, FL, USA) flown at approx-
imately 241 km/hour at 60–90m above ground level
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(Stafford et al. 2007, Hennig et al. 2017). We counted all
waterfowl species, American coot (Fulica americana), double‐
crested cormorant (Phalacrocorax auritus), and American
white pelican (Pelecanus erythrorhynchos) during aerial surveys.
During cruise‐style aerial surveys, the pilot typically flew the
perimeter of a traditional survey location (i.e., floodplain
lakes and wetlands) and made additional passes bisecting
the survey area as needed for species identification
(Havera 1999). Quadrat‐style aerial surveys encompassed
260‐ha grids across the same study area as the cruise‐style
aerial surveys that were selected and flown using a proba-
bilistic survey design (Gilbert 2018). During quadrat‐style
aerial surveys, the pilot flew clockwise around the outside of
each randomly selected quadrat so that the aerial observer
faced inward towards the quadrat (Hennig et al. 2017). We
flew additional passes through the quadrat if the observer
needed additional opportunity to count waterbirds. We flew
quadrat‐style surveys 1−4 days after cruise‐style aerial surveys.
For cruise‐ and quadrat‐style aerial surveys, the use of
additional passes for species identification was uncommon
and was typically dependent upon a combination of large
concentrations of waterbirds and high species diversity within
a survey area.
We conducted ground surveys concurrent with aerial
surveys at a subset of locations or portions of locations
during the INHS aerial waterfowl inventory (n= 19) and
quadrat survey (n= 28). Because of the large size
(x̄= 1,480 ha, range= 290–6,039 ha) of many of the in-
ventory survey locations, we selected small portions of in-
ventory survey locations that were free of dense vegetation
and small enough to be monitored by a single ground ob-
server from an elevated vantage point (x̄= 27 ha,
range= 10–80 ha). Depending on bird occurrence, dis-
tribution, and density, we selected survey locations oppor-
tunistically on the day before aerial surveys. Additionally, we
selected survey locations with few to thousands of water-
birds present to mimic natural variation in group sizes and
species compositions encountered during aerial surveys.
Figure 1. Survey locations of simultaneous aerial and ground surveys used to assess the probability of waterfowl disturbance in response to low‐altitude
aircraft at wetlands, lakes, and agricultural fields during September to January 2014–2017 along the Illinois River from Hennepin to Havana, Illinois, USA.
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To minimize potential disturbance from ground observers,
we selected survey locations where the ground observers
could count waterbirds at a distance or at locations where
the observer was hidden from view.
During surveys, aerial and ground observers coordinated
via cell phone to ensure ground surveys were conducted
immediately before an aerial survey. Ground observers
completed their count before the aircraft arrived and
monitored movement of waterfowl and other waterbirds in
and out of the survey area to ensure an accurate count at the
time of the aerial survey. Ground observers used spotting
scopes or binoculars to count all waterfowl and other wa-
terbirds present by species in survey locations. Individuals
were identified to guild (e.g., dabbling duck, diving duck,
goose) if conditions or distance precluded species identi-
fication. During quadrat surveys, we surveyed the entire
quadrat for waterfowl and other waterbird disturbance. For
these quadrat surveys, we used aerial abundance estimates as
a substitute for ground counts and ground observers counted
only birds that were disturbed by the aircraft. Before anal-
ysis, we applied guild‐specific visibility bias correction fac-
tors to aerial abundance estimates of each guild (e.g., ducks,
geese, and swans). We calculated visibility bias correction
factors from concurrent ground and aerial surveys; we
compared counts from both surveys to quantify detection
rate and count bias (i.e., visibility bias; Gilbert 2018).
Additionally, ground observers recorded weather data, date,
and time of the aerial survey. We determined wind speed
and temperature from local weather reports, and the ground
observer estimated percent cloud cover at the time of the
aerial survey. We classified hunting status at each survey
location as closed if waterfowl hunting was precluded by
state or federal statute or regulation, or open otherwise.
Because we selected areas that could be monitored from a
single, elevated vantage point with minimal emergent veg-
etation or other visual obstructions, we assumed no visibility
bias occurred during ground surveys.
We recorded the response of waterfowl and other water-
birds to the aircraft during and after aerial surveys to assess
the number of individuals that reacted to aircraft presence or
abandoned the survey area entirely. During the aerial survey,
the ground observer enumerated all waterfowl and other
waterbirds by species within each count area that exhibited a
noticeable behavioral response to the aircraft (i.e., dis-
turbance) or left the survey location and did not return
within 1 minute of aerial survey completion (i.e., aban-
donment). We defined disturbance as flight followed by
subsequent landing within the survey location, diving under
water, or running across the surface of the water while re-
maining in the survey location. The ground observer also
recorded any other potential sources of disturbance
(e.g., boats, vehicles, predators, the ground survey) present
immediately before or during the aerial survey. We excluded
surveys with other forms of disturbance during or imme-
diately (i.e., <10min) before the aerial survey from analysis.
We observed birds passively and did not require an animal
care and use protocol. We followed all United States Fish
and Wildlife Service, Illinois Department of Natural
Resources, and University of Illinois guidelines on the
ethical treatment of animals and obtained all the necessary
permits to conduct aerial and ground surveys.
Statistical Analyses
We calculated the proportion of birds that were disturbed or
abandoned (i.e., number disturbed or abandoned ÷ number
recorded during the ground or quadrat survey) at each
survey location separately for all common guilds (e.g., ducks,
geese, swans) and species during each survey but conducted
analyses at the guild level to ensure sufficient sample sizes.
Additionally, we calculated overall disturbance and aban-
donment probability by averaging the proportion of dis-
turbed or abandoned birds across each individual survey.
Because disturbance probability data were right skewed, we
conducted Mann‐Whitney U tests to determine if differ-
ences occurred in disturbance or abandonment probability
between cruise‐style and quadrat‐style aerial survey
methods. We considered differences significant at P≤ 0.05,
and report means (±1 SE).
We used logistic regression and Akaike's Information
Criterion adjusted for small sample size (AICc) to identify
variables influencing disturbance during aerial waterfowl
surveys (PROC GLIMMIX in SAS version 9.4;
Akaike 1974, Burnham and Anderson 2002, Arnold 2010).
We classified disturbance as a binary response where
1 represented surveys where ≥5% of birds were disturbed
and 0 represented surveys where <5% of birds were dis-
turbed (Ward et al. 1994, 1999). Because of large numbers
(>10,000) of individuals during some quadrat surveys, we
used a 5% disturbance threshold to censor surveys where
biologically insignificant numbers of birds were disturbed.
Additionally, prior to aerial surveys we observed small
numbers of birds moving around survey locations, so we
assumed this threshold accounted for birds moving for
reasons other than disturbance (e.g., foraging, courtship).
Separately, we modeled disturbance for ducks, geese, and
swans, as a function of 4 predictor variables (i.e., cloud
cover, wind speed, temp, hunting status) fitting all possible
combinations of independent variables if biologically
plausible (PROC GLIMMIX in SAS v9.4).
Prior to analysis, we assessed independent variables for
correlation (|r |> 0.50) using Spearman's rank (PROC
CORR in SAS version 9.4). We included year as a random
effect in all models. We calculated model weights (wi),
and considered models within 2 AICc units of the top
model to be competitive (Burnham and Anderson 2002,
Arnold 2010). We present beta estimates (β) from the best
supported models, 95% confidence intervals (CI), and re-
ceiver operating characteristic (ROC) values across all
competitive models (Burnham and Anderson 2002,
Arnold 2010). We considered ROC values between 0.5 and
0.7 low discrimination, values between 0.7 and 0.8 accept-
able discrimination, and values ≥0.8 excellent discrim-
ination (Grzybowski and Younger 1997, Hosmer and
Lemeshow 2000). To compare the relative measure of effect
of a predictor variable, we calculated odds ratios (OR) for
variables important in influencing disturbance. The OR for
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predictor variables are the relative amount by which the
odds of the outcome increase (OR> 1.0) or decrease
(OR< 1.0) with each unit increase in the predictor variable
(Freund and Wilson 2003).
RESULTS
We conducted 265 concurrent ground counts and aerial surveys
to estimate disturbance and abandonment probability of wa-
terfowl and other waterbirds in the IRV, including 42 in 2014,
99 in 2015, and 124 in 2016. We conducted 87 ground
counts in areas open to waterfowl hunting and 178 ground
counts in areas closed to waterfowl hunting. Waterbird use
was similar at ground survey locations open to (x̄ = 2,228±364
[SE] waterbirds/survey location) and closed to (x̄ = 2,018±383
waterbirds/survey location) waterfowl hunting. We recorded
280,177 waterfowl during ground surveys, including 227,684
ducks, 49,754 geese, and 2,739 swans. We recorded an addi-
tional 268,898 other waterbirds during ground surveys, in-
cluding 259,731 American coot and other rails, 2,208 American
white pelicans, 2,823 double‐crested cormorants, 2,738 gulls
(Laridae), 598 shorebirds (Recurvirostridae, Charadriidae, and
Scolopacidae), 398 grebes (Podicipedidae), 325 wading birds
(Ardeidae), 73 raptors (Pandionidae and Accipitridae), and
4 loons (Gaviidae).
We did not find support for an effect of survey method on
disturbance (ducks, U= 5,946.5, P= 0.29; geese, U=
1,416.0, P = 0.10; swans, U= 304.1, P= 0.28) or abandon-
ment (ducks, U= 6,131.2, P = 0.29; geese, U= 1,475.1,
P= 0.88; swans, U= 371.8, P = 0.10) for major waterfowl
guilds, so we pooled data for further analyses. Across years
and surveys, a mean of 14± 2% (n= 261) of waterfowl were
disturbed during survey operations and 3± 1% (n= 261)
abandoned the survey area entirely because of survey oper-
ations. At the guild level, disturbance of waterfowl was low
and a relatively high percentage of surveys did not meet the
5% disturbance threshold. However, some species such as
light geese (snow goose [Chen caerulescens] and Ross's goose
[C. rossii]), greater white‐fronted geese (Anser albifrons),
and blue‐winged teal (Spatula discors) had relatively high
disturbance and abandonment (Table 1). Overall, disturbance
and abandonment probabilities of waterbirds were low, but
they varied considerably among species (e.g., American
coot x̄= 2± 1% and x̄= 0%± 0%, respectively; killdeer
[Charadrius vociferus] x̄= 92± 8% and x̄= 17%± 17%,
respectively; Table 2).
Hunting status was included in the best‐supported model
for all guilds (Table 3). For geese, the odds of disturbance at
a location closed to waterfowl hunting was 2.2 (95%
CI= 0.9–6.6) times greater than at a location open to
Table 1. Overall disturbance and abandonment probabilities (%; ±SE) of waterfowl in response to low‐altitude aerial surveys, number of surveys (ns), and
total number of individuals (ni) across all surveys conducted along the Illinois River from Hennepin to Havana, Illinois, USA, during September through
January 2014–2017.
Disturbancea SE Abandonmentb SE ns ni
Geese 21.0 3.3 8.8 2.3 127 49,754
Light geesec 98.3 1.7 98.1 1.9 6 13,792
Greater white‐fronted goose 63.6 8.8 36.4 8.8 27 22,806
White‐cheeked geesed 13.0 2.8 3.6 1.5 120 13,156
Swans 4.7 2.2 1.5 1.5 64 2,739
Mute swan (Cygnus olor) 3.4 2.5 0.0 0.0 40 1,343
Dark‐billed swane 4.3 2.9 0.0 0.0 16 869
Ducks 10.3 1.4 2.4 0.8 244 227,684
Wood duck (Aix sponsa) 7.3 3.8 0.3 0.3 8 732
Blue‐winged teal 22.7 7.3 4.5 3.1 22 2,211
Northern shoveler (Spatula clypeata) 8.1 2.4 0.0 0.0 104 10,458
Gadwall (Mareca strepera) 3.1 1.3 0.0 0.0 116 34,765
American wigeon (Mareca americana) 2.5 2.1 0.0 0.0 49 2,467
Mallard (Anas platyrhynchos) 4.8 1.2 1.3 0.7 171 87,167
American black duck (Anas rubripes) 12.0 8.2 5.8 5.8 16 190
Northern pintail 7.7 2.9 0.5 0.4 71 26,992
Green‐winged teal (Anas crecca) 14.8 3.4 1.4 1.3 81 23,387
Canvasback (Aythya valisineria) 3.4 2.5 0.0 0.0 46 3,762
Redhead (Aythya americana) 3.3 3.3 0.0 0.0 30 2,313
Ring‐necked duck (Aythya collaris) 1.0 0.9 1.0 0.9 52 6,717
Scaup spp.f 1.6 1.6 0.0 0.0 34 1,215
Bufflehead (Bucephala albeola) 7.0 43.8 0.0 0.0 34 658
Common goldeneye 15.1 6.4 2.9 2.9 21 520
Hooded merganser (Lophodytes cucullatus) 20.8 87.8 8.5 4.2 41 777
Common merganser (Mergus merganser) 6.8 4.9 0.6 0.6 12 315
Ruddy duck (Oxyura jamaicensis) 0.8 0.5 0.0 0.0 101 22,624
Total waterfowl 13.8± 1.6 3.2± 0.8 265 280,177
a Waterfowl that exhibited a noticeable behavioral response to the aircraft.
b Waterfowl that left the survey location and did not return within 1 minute of aerial survey completion.
c Light geese include snow geese and Ross's geese.
d White‐cheeked geese include Canada geese and cackling geese.
e Dark‐billed swan include tundra swan (Cygnus columbianus) and trumpeter swan (C. buccinator).
f Scaup spp. include lesser scaup (Aythya affinis) and greater scaup (A. marila).
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waterfowl hunting. For swans, the odds of disturbance
at a location closed to waterfowl hunting was 6.2
(95% CI= 0.7–57.5) times greater than at a location open
to waterfowl hunting. For ducks, the odds of disturbance at
a location closed to waterfowl hunting was 2.2 (95%
CI= 1.2–4.2) times greater than at a location open to
waterfowl hunting.
Temperature was included in the best‐supported model for
geese (Table 3). Disturbance probability of geese (β= −0.04,
95% CI=−0.09 to −0.01) had a negative relationship with
temperature. A decrease of 1°C resulted in a 4.3% (95%
CI= 0.5−8.1%) increase in the odds of a disturbance event.
DISCUSSION
Few studies have assessed disturbance of waterfowl and
other waterbirds during low‐altitude aerial surveys (Boyd
and Jehl 1998, Southwell 2005), but we showed that dis-
turbance and abandonment of species was minimal. In fact,
<1% of individuals abandoned a location in response to the
aircraft during an aerial survey. Aircraft disturbance likely
had little to no effect on sanctuary conditions or spatial
distribution of most waterfowl and other waterbirds across
our survey locations and throughout our study area during
autumn migration. Low disturbance and abandonment
suggested that weekly low‐altitude aerial surveys (e.g.,
60–90m above ground level) were not a major source of
disturbance for many waterbird taxa, and the minimal re-
sponse we observed should have negligible energetic con-
sequences for most species.
Contrary to our overall finding of minimal disturbance, light
geese and greater white‐fronted geese had greater disturbance
and abandonment probabilities relative to other waterfowl.
Nearly all light geese abandoned survey locations during or
immediately before aerial surveys as the aircraft approached.
Bélanger and Bédard (1989) observed similar behavior of
staging snow geese in Quebec, Canada in response to aircraft.
Anecdotally, we observed light geese on many occasions
flushing and abandoning a survey location before the aircraft
was in sight, presumably in reaction to the sound of the ap-
proaching aircraft. Ward et al. (1999) observed that Canada
geese (Branta canadensis) rarely flushed from disturbance by
fixed‐winged aircraft, and we also observed minimal reactions
from Canada geese. Anecdotally, cackling geese (B. hutchinsii)
reacted to aerial surveys similarly to light and greater white‐
fronted geese. When possible, we identified cackling geese
during ground surveys, and, although the number of in-
dividuals counted was low (n= 37), disturbance (81%) and
abandonment (43%) were greater than Canada geese.
Table 2. Overall disturbance and abandonment probabilities (%; ±SE) of wetland‐associated bird guilds and commonly occurring species in response to
low‐altitude aerial surveys, number of surveys (ns), and total number of individuals (ni) across all surveys conducted along the Illinois River from Hennepin to
Havana, Illinois, USA, during September through January 2014–2017.
Disturbancea SE Abandonmentb SE ns ni
Loons 0.0 0.0 0.0 0.0 2 4
Grebes 3.9 2.7 0.0 0.0 51 398
Pied‐billed grebe (Podilymbus podiceps) 4.0 2.8 0.0 0.0 50 389
Pelagic piscivores 9.6 2.9 4.2 2.0 82 5,031
Double‐crested cormorant 11.0 3.9 2.4 1.8 47 2,823
American white pelican 7.8 3.5 5.8 3.1 55 2,208
Wading birds 20.9 5.1 2.6 1.6 40 325
Great blue heron (Ardea herodias) 16.4 5.4 3.6 2.8 38 100
Great egret (Ardea alba) 20.0 19.5 0.0 0.0 15 203
Cattle egret (Bubulcus ibis) 50.0 28.9 0.0 0.0 4 8
Black‐crowned night‐heron (Nycticorax nycticorax) 25.0 17.1 8.3 8.3 6 10
Raptors 2.6 2.6 0.0 0.0 19 73
Bald eagle (Haliaeetus leucocephalus) 2.8 2.8 0.0 0.0 18 72
Rails 1.6 1.2 0.0 0.0 82 259,731
American coot 1.7 1.2 0.0 0.0 82 259,708
Common gallinule (Gallinula galeata) 0.0 0.0 0.0 0.0 6 23
Shorebirds 64.7 10.0 22.1 10.0 17 598
Killdeer 91.7 8.3 16.7 16.7 6 143
Gulls 34.5 5.5 6.9 3.1 58 2,738
Bonaparte's gull (Chroicocephalus philadelphia) 58.4 21.0 24.1 24.1 4 33
Ring‐billed gull (Larus delawarensis) 16.0 7.9 5.6 5.6 18 1,277
Herring gull (Larus argentatus) 0.0 0.0 0.0 0.0 7 10
a Waterbirds that exhibited a noticeable behavioral response to the aircraft.
b Waterbirds that left the survey location and did not return within 1minute of aerial survey completion.
Table 3. Rankings of competitive models (ΔAICc≤ 2) according to
Akaike's Information Criterion for small sample size (AICc) including the
number of parameters (K), receiver operating characteristic (ROC) values
for best supported model, ΔAICc, and model weights (wi) for predicting
disturbance of waterbird guilds in response to low‐altitude aerial surveys
conducted along the Illinois River from Hennepin to Havana, Illinois,
USA, during September through January, 2014–2017.
Guild Model K ROC AICc ΔAICc wi
Geese Hunting status+ temp 3 0.68 162.76 0.00 0.33
Hunting status 2 163.53 0.77 0.23
Temp 2 163.56 0.80 0.22
Null 1 163.63 0.87 0.22
Swans Hunting status 2 0.68 44.65 0.00 0.69
Null 1 46.25 1.60 0.31
Ducks Hunting status 2 0.58 299.28 0.00 1.00
Null 1 303.84 4.56 0.00
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Although we observed low overall disturbance and aban-
donment rates, responses to the aerial survey varied consid-
erably among waterbird species. Laursen et al. (2005)
reported that hunted species tended to be less tolerant of
disturbance; however, we found that some guilds and species
that were not hunted (e.g., wading birds, shorebirds, gulls)
were more likely to negatively respond to the aircraft than
many hunted species. Many scientists have previously as-
sessed human disturbance to waterbirds using an approaching
human on foot or in vehicle (Klein 1993, Rodgers and
Schwikert 2002, Pease et al. 2005). However, Lima et al.
(2015) speculated that birds have habituated to aircraft be-
cause of their high occurrence in many parts of the world,
and they only react in alarm when an aircraft conducts an
atypical behavior, such as a low flying aerial survey.
Disturbance in non‐hunted species may be related to risk of
aerial predation. Species that are smaller or prefer more open
land cover types (e.g., shorebirds, gulls) would have greater
risk to aerial predation than species that are larger, inhabit
areas with more emergent vegetation, or are able to escape
aerial predation by diving (e.g., geese, pelicans, American
coot). Additionally, sample sizes for many waterbird guilds
and species were less than those of waterfowl. We selected
locations for concurrent ground and aerial surveys based on
concentrations of waterfowl rather than other waterbirds
because of the main objectives of the aerial survey. Therefore,
many species of waterbirds were underrepresented in surveys,
and disturbance and abandonment rates may have ex-
aggerated influences of individuals because of lower sample
sizes.
We predicted that waterfowl using locations open to wa-
terfowl hunting would exhibit greater disturbance response
than those at closed locations (Owens 1977, Hagy
et al. 2017); however, we witnessed the opposite result.
Decreased disturbance from aerial surveys at locations open
to waterfowl hunting may be explained by habituation to
disturbance, especially if long stopover periods in the IRV
allowed birds to modify their distribution and behavior based
on a risk assessment (Hagy et al. 2014, 2017; Yetter
et al. 2018). Many surveys in locations closed to waterfowl
hunting during this study were located on large waterfowl
sanctuaries (e.g., Chautauqua National Wildlife Refuge)
where minimal anthropogenic disturbance occurred. In con-
trast, many locations open to hunting also had greater levels
of non‐hunting disturbances such as fishing and boating.
Therefore, waterfowl on these large sanctuaries with low
disturbance may not be as habituated to disturbance and may
exhibit a greater reaction to a disturbance (Titus and
VanDruff 1981, Keller 1989, Davidson and Rothwell 1993,
Conomy et al. 1998). Because of a general negative waterbird
response to hunting and other recreational disturbances
(Madsen 1988, Dooley et al. 2010), concern that differences
in waterbird abundance at locations open to hunting may
have indirectly affected disturbance and abandonment rates is
warranted. However, mean waterbird abundance at sites open
and closed to hunting was similar (x̄= 2,228± 364 and
x̄= 2,018± 383, respectively) and likely did not affect the
disparate disturbance rates in our study.
Weather variables (e.g., wind, temp, cloud cover) did not
influence disturbance probability of most waterfowl during
aerial surveys with the exception of geese. Changes in spe-
cies composition throughout the survey period may have
influenced the relationship between disturbance probability
and temperature. Not all species were equally represented
throughout the survey period because of differing migration
chronologies. We observed some species (e.g., blue‐winged
teal and northern pintail [Anas acuta]) more commonly
during the beginning of the survey period (i.e., warmer
temp), whereas others (e.g., common goldeneye [Bucephala
clangula]) were more common near the end of the survey
period (i.e., colder temp). Because of limited sample sizes,
we did not model the effects of temperature and wind for
individual species. However, we acknowledge that grouping
our analyses by guild may have masked the effects of tem-
perature if species chronologies with high (or low) dis-
turbance were correlated with ambient temperatures within
the survey period. The relationship between disturbance and
temperature in geese was likely influenced by changes in
species composition. Light and greater white‐fronted geese,
which exhibited increased rates of disturbance, tended to be
later migrants and 91.7% of surveys where they were present
occurred in the 2 coldest months (e.g., Dec and Jan).
We encountered myriad waterbird species, but many were
relatively uncommon across surveys, and thus sample size
was insufficient to allow statistical analysis of variables in-
fluencing non‐waterfowl waterbird disturbance. Because of
the differing disturbance probabilities of each waterbird
guild, it appears that waterbirds have greatly differing re-
actions to the survey aircraft. Anecdotally, we observed a
variety of reactions among waterbird species and guilds
during aerial surveys. Disturbance reactions ranged from
taking flight (e.g., wading birds, shorebirds, gulls), diving
(e.g., grebes), swimming (e.g., American coot, pelicans), or
running (e.g., American coot). Furthermore, some water-
birds tended to group together and react in unison when
disturbed (e.g., shorebirds, gulls, American coot), whereas
other waterbirds tended to react more independently of
other nearby waterbirds (e.g., wading birds). Therefore,
because of the variety of reactions we observed, we thought
that combining all waterbirds into a single predicative
model would have been inappropriate. Additionally, the
1 waterbird species that had sufficient sample size to analyze
had negligible reaction to the aircraft. American coots
comprised approximately 97% of all waterbirds recorded
during surveys; however, of the 259,731 individuals we re-
corded during surveys, only 1,597 (0.6%) exhibited a re-
sponse to the aircraft. Future research will need to be
conducted to identify variables influencing disturbance for
waterbirds.
Species that dive underwater in response to a disturbance
were more difficult to detect than birds that flush in response
to disturbance. Additionally, individuals that were actively
diving (foraging) prior to aircraft arrival made it difficult
to differentiate foraging from disturbance dives. Therefore,
we acknowledge that disturbance estimates for diving species
may be biased low, especially during quadrat‐style surveys
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where the ground observer estimated disturbance over the
entire 260‐ha quadrat. Additionally, because aerial surveys
were conducted on a regular basis, some waterfowl or wa-
terbirds may have habituated to the survey aircraft, which
could have lowered disturbance and abandonment rates
(Conomy et al. 1998). However, we assumed that because
surveys were conducted only 1–2 times each week during
migration, many individuals were not exposed to consistent
enough disturbance from the aircraft to cause significant
habituation.
MANAGEMENT IMPLICATIONS
Our results suggest that low‐altitude aerial surveys do not
result in significant redistribution of most species within or
outside of waterfowl sanctuaries during fall migration and
that surveys are an appropriate means of monitoring wa-
terfowl and other waterbirds. An exception was light and
greater white‐fronted geese, which commonly abandoned
survey areas before the aircraft arrived or could complete the
survey. Groups of these geese abandoning a survey location
may be missed entirely or counted multiple times at sub-
sequent survey locations, which increases the likelihood that
local population estimates of light geese derived from aerial
surveys may be biased during the nonbreeding season. We
recommend ground surveys or other monitoring techniques
for light‐geese and aerial surveys for all other waterfowl taxa
during autumn migration.
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CHAPTER 1. FOOD USE AND SELECTION BY SPRING-MIGRATING GREEN-
WINGED TEAL IN THE ILLINOIS RIVER VALLEY 
 
ABSTRACT  
 The Illinois River Valley (IRV) is an important region for non-breeding waterfowl, 
especially during spring as migrating individuals replenish vital nutrients to complete migration 
and initiate nesting.  Identification and management of preferred foods helps ensure adequate 
body condition of spring-migrating waterfowl which may benefit survival and subsequent nest 
success.  Green-winged teal (Anas crecca; hereafter teal) specialize on natural plant and animal 
foods in shallow wetlands which may be limiting during spring migration.  To identify food 
selection, I experimentally collected teal and quantified food use and availability in wetlands in 
the Illinois River Valley during February–April 2016–2018.  I removed, dried, and weighed (± 
0.1 mg) food items by taxa from the upper digestive tract (proventriculus and esophagus) of birds 
and core samples for comparison of use and availability.  Additionally, I evaluated retention of 
common diet items between small (#60; 250 µm) and medium (#30; 500 µm) sieves and their 
effects on selection calculations.  Seeds of moist-soil vegetation occurred in all teal diets, while 
invertebrates and vegetative material occurred in 67.4% and 25.8% of diets, respectively.  On 
average, teal consumed 85.8% (CI95 = 81.2–90.3%) plant material and 14.2% (CI95 = 9.6–18.7%) 
invertebrates based on aggregate dry biomass.  I failed to find support for selection of either 
plant or animal foods in general (t138 = -1.35, P = 0.18), but teal selected Cyperus spp., 
Ammannia spp., Leptochloa spp., and Potamogeton spp. and avoided Amaranthus spp., Ipomoea 
spp., Echinochloa spp., and Oligochaeta individual taxa.  I failed to find a difference in selection 
ratios between sexes (Wilks’ λ = 0.95, F1,131 = 0.53, P = 0.831).  Additionally, I found little 
difference in the rank and selection intensity of food items with differing availability calculations 





successional plant seeds and associated invertebrates which can be promoted by active moist-soil 
management at spring stopover locations.  Managers should ensure shallowly flooded wetlands 
with desirable taxa (e.g., Cyperus spp., Ammannia spp., Leptochloa spp.) are available to provide 
food for teal by maintaining actively-managed moist-soil wetlands that are made available during 
spring migration. 
INTRODUCTION 
The availability of food resources at spring stopover habitats is an important aspect in the 
annual cycle of waterfowl (Arzel et al. 2006, Straub et al. 2012, Stafford et al. 2014).  Waterfowl 
use stopover locations to replenish nutrient reserves in preparation for subsequent migratory 
movements and spend much of their time feeding and resting (Arzel et al. 2006, Stafford et al. 
2014).  During spring, waterfowl may encounter conditions that limit nutrient deposition such as 
diminished food resources, adverse weather, and increased energy expenditures involved with 
courtship and pair bonding (Straub et al. 2012, Janke et al. 2019).  The ability of individuals to 
acquire sufficient resources along spring migration routes can influence body condition and 
habitat quality in the spring has been linked to subsequent breeding success in some species (i.e., 
cross-seasonal effects; Sedinger and Alisauskas 2014).  Waterfowl that reach the breeding 
grounds with increased nutrient and lipid reserves can exhibit greater breeding success and 
recruitment (Devries et al. 2008). 
Outside of breeding season, food availability is thought to be the single most important 
factor potentially limiting most waterfowl populations (Central Valley Joint Venture 2006, 
Brasher et al. 2012, Edwards et al. 2012, Soulliere et al. 2013).  Many Joint Ventures established 
by the North American Waterfowl Management Plan (2012) calculate habitat objectives for 





et al. 2014, Williams et al. 2014, Soulliere et al. 2017, Blake-Bradshaw 2018).  Energetic 
carrying capacity estimates require information on diets, daily energetic demands, food 
availability, and metabolizable energy of consumed food items (Williams et al. 2014).  Recent 
attempts to quantify food availability in the Upper Mississippi River and Great Lakes Region 
(UMRGLR) Joint Venture have shown that spring migrants encounter many areas with limited 
food resources (Straub et al. 2012).  Food resources are depleted through consumption by fall 
migrating and overwintering waterfowl and decomposition (Foster et al. 2010, Hagy and 
Kaminski 2012).   
The production of desirable foods for waterfowl varies annually in the Midwest and can 
be attributed to many factors (Bowyer et al. 2005, Dugger and Feddersen 2009, Stafford et al. 
2011).  Management activities such as timely dewatering and disturbance of wetland substrates 
can increase diversity and production of moist-soil plants resulting in increased food availability 
for autumn and spring migrants (Gray et al. 1999, Kross. et al. 2010).  Flooding events during 
spring migration may increase food availability for spring migrants (Greer et al. 2007), while 
flooding during the growing season can destroy emergent vegetation leaving little food for 
migrating waterfowl.  Wetland connectivity also may influence food availability for waterfowl in 
the Midwest.  Wetlands with a maintained connection to large river systems are more likely to 
lose vegetation growth due to flooding during the summer months whereas disconnected 
wetlands may be unaffected (Lemke et al. 2017).  Additionally, vegetation composition can vary 
between wetlands with differing connectivity and offer different sources of food for waterfowl 
(Krapu and Reinecke 1992, Ward et al. 1999, Chu et al. 2019).   
Investigations of food use and selection provide insights into the basic ecology of a 





(Callicutt et al. 2011).  Migratory waterfowl depend on a wide variety of food types throughout 
their annual cycle as a function of changing geography and seasonal shifts in physiological needs 
(Hitchcock 2008).  Dabbling ducks tend to select diets high in carbohydrates during the non-
breeding season and shift to a high protein rich diet during breeding (Krapu 1974, Reinecke and 
Owen 1980, Krapu and Reinecke 1992).  Timing of diet shifts in relation to the annual cycle is 
relatively unknown; although many hypothesize that ducks increase invertebrate consumption 
prior to their arrival on the breeding grounds (Manley et al. 1992, Hitchcock 2008, Tidwell 
2013).  
Reliable assessments of food consumption require unbiased methods of collection and 
analysis of diet samples (Swanson and Bartonek 1970, Sheeley and Smith 1989, Callicutt et al. 
2011).  Diet composition may be impacted when specimens are collected by hunters or over 
decoys, because birds in lower body condition tend to be harvested by these methods (Sheeley 
and Smith 1989, Heitmeyer et al. 1993).  Moreover, sampling bias from use of gizzard contents 
in diet analysis may misrepresent the content of hard seeds and grains in waterfowl diets due to 
differential rates of break down for seeds and invertebrates (Swanson and Bartonek 1970).  
Callicutt et al. (2011) summarized 11 decades of diet research in the Southeastern United States 
and indicated that most studies prior to 1989 employed methods that likely introduced bias into 
diet selection analysis.  Thus, few unbiased diet studies are available to assist conservation 
planners in properly estimating resource needs and wetland managers to encourage vegetative 
communities that provide food readily consumed by ducks (Callicutt et al. 2011).  
Recent investigations of food use and selection have been completed for mallards (Anas 
platyrhynchos), gadwall (Mareca strepera), blue-winged teal (Spatula discors), lesser scaup 





crecca; hereafter teal) have been absent from these efforts (Smith 2007, Hitchcock 2008, Tidwell 
et al. 2013).  Teal use all four U.S. flyways, have extensive breeding and wintering ranges, and 
are the second most harvested duck species in North America (Baldassarre 2014, Raftovich et al. 
2018).  Teal are the smallest dabbling duck in North America and forage in shallow water (0−10 
cm) and on mudflats where they have access to small seeds and invertebrates with little 
competition from heterospecifics (Baldassarre 2014).  Due to their small size, teal are considered 
income breeders, relying on diet resources on the breeding grounds to meet energetic 
requirements of reproduction (Paquette and Ankney 1998, Klaassen et al. 2006).  Additionally, 
Arzel et al. (2007) characterized teal as income migrants who fuel migratory movements on 
resources acquired at stopover locations.  Income breeding and migration constructs are reliant 
on local food sources and could result if decreased condition, reproductive success, or death if 
food availability is inadequate.  
Teal are primarily omnivorous; however, plant material, especially small seeds, have 
been documented as a mainstay of teal diets during the autumn and winter periods in Alaska, 
California, Illinois, and Texas (Sell 1979, Hughes and Young 1982, Euliss and Harris 1987, 
Havera 1999, Anderson et al. 2000, Collins et al. 2017).  Conversely, some researchers have 
found teal to use animal material during winter and spring periods (DeRoia 1989, Vest and 
Conover 2011).  Few of these previous works used unbiased methodology and analysis 
techniques (c.f. Anderson 2000, Collins et al. 2017) and to my knowledge, no studies have 
analyzed food use or selection by teal at stopover locations during spring migration. 
I used unbiased methods to quantify diets and food selection of spring migrating teal.  I 
tested for differences in food selection between collection periods, age and sex cohorts, and 





(Taylor 1978, Miller 1987, Manley et al. 1992, Hitchcock 2008, Tidwell et al. 2013), I 
hypothesized that teal would switch from primarily consuming and selecting seeds during winter 
to consuming and selecting invertebrates during spring migration.  Additionally, I hypothesized 
that selection of food items would vary between wetlands with varying river connectivity due to 
the influence of floodplain inundation on vegetative communities.  This research provides an 
unbiased insight into diets and food selection of spring migrating teal to aid and inform 
conservation planners and habitat managers to provide accurate availability models and sound 
wetland management. 
STUDY AREA 
The Illinois River Valley (IRV) provides important stopover habitat during spring and 
autumn migration to millions of migratory waterbirds annually (Havera 1999).  A once pristine 
system, the IRV has experienced multiple anthropogenic stressors including wetland drainage, 
channelization, pollution, increased base-flow, and increased flooding frequency following the 
completion of the Chicago sanitary and ship canal in 1900 (Bellrose et al. 1979, Havera 1999).  
Anthropogenic changes have influenced vegetation communities and wetland quality for 
waterbirds in areas with a continued connection to the mainstem river (Bellrose et al. 1979, 
Havera and Bellrose 1985, Stafford et al. 2010, Blake-Bradshaw 2018). 
I used federal, state, and private wetlands within the Alton, La Grange, and Peoria 
reaches of the Illinois River (river miles 0 – 231; Fig. 1.1).  These reaches contain a historically 
wide floodplain with relatively low gradient and soft substrate (Mills et al. 1966).  Mean 
temperatures during spring migration range from −1° C in February to 11° C in April with mean 
precipitation ranging from 7 to 10 cm (Illinois State Water Survey; isws.illinois.edu).  The 





vegetation beds, mudflats, emergent marsh, inundated forest, and seasonally flooded agricultural 
fields (Havera 1999, Bowyer et al. 2005).   
METHODS 
Collection and Field Processing 
During February–April 2016–2018, I collected teal at stopover locations in the IRV.  I 
identified wetlands used as stopover sites through ground surveillance and spring waterfowl 
aerial inventory data from the Illinois Natural History Survey (Stafford et al. 2007).  I selected 
collection locations based on accessibility, consistent foraging activity by teal, and presence of 
visual concealment (i.e., levee, ditch, emergent vegetation) that could be used during collection 
activities.  Although sites were not chosen randomly as this was impractical to facilitate 
detection, I believe my sites were representative of the wetland conditions available to teal 
throughout my study area.  Teal were observed foraging for ≥10 minutes to increase the 
likelihood of ingesta upon dissection (Swanson and Bartonek 1970).  I collected teal using a 
shotgun and immediately retrieved (<5 min) individuals, obtained a wet carcass mass (±10 g), 
and preserved food items in upper digestive tract (i.e., proventriculus and esophagus) and gizzard 
following methods of Swanson and Bartonek (1970).  Specifically, I injected a 10% buffered 
formalin solution stained with rose Bengal into the upper digestive tract and gizzard, as well as 
restricted food items to their respective digestive organ by placing zip ties at the ends and 
junction of the upper digestive tract and gizzard.  I removed digestive organs from the carcass 
and placed them in a polyethylene bag containing a 10% formalin solution and froze (−18° C) 
until processing (30–130 days).  Additionally, I recorded age and sex classes using wing 





To quantify food availability at foraging locations, I collected benthic core and necktonic 
invertebrate samples (hereafter, core samples) within 24 hr of a collection event.  I collected and 
homogenized three core samples (5-cm diameter × 10-cm depth; Rickly Universal Core Sampler; 
Rickly Hydrological Company; Columbus, OH) in a 500-µm (#35 sieve; 2016 and 2017) or 250-
µm (#60 sieve; 2018) mesh sieve bucket in the field to partially remove excess water, debris, and 
soils.  I transferred the field-washed sample into a polyethylene bag and added a 10% formalin 
solution stained with rose Bengal until all material was saturated by the preservative.  Samples 
were stored at room temperature in the preservative until processing (60–160 days). 
All avian collection methods and protocols were approved by the University of Illinois 
Institutional Animal Care and Use Committee Protocol (15032).  Permits for lethal collection 
included U.S. Fish and Wildlife Service Scientific Collection Permit (MB145466-4, MB145466-
0, MB145466-2) and Illinois Department of Natural Resources Scientific Collecting (W16.4071, 
W17.6079, W18.6079) and Research permits (SS16-030, SS17-030, SS18-030). 
Laboratory processing 
In the laboratory, I thawed and separated upper digestive tracts from the gizzard.  The 
esophagus and proventriculus were cut lengthwise with scissors, opened, and the contents 
washed through a 250 µm-(#60) mesh sieve to remove preservative from diet items.  After 
washing, diet items were transferred to a petri dish and identified to the lowest practical 
taxonomic classification using a dissecting microscope.  I enumerated, dried at 60° C for no 
more than 24 hr, and weighed items to the nearest 0.1 mg (Swanson et al. 1974).  
In 2016–2017, I rinsed core samples through a 500 µm-(#35) sieve in the field.  
However, when sorting these samples, I noted an absence of small food items that occurred in 





rinsed cores through a #35 sieve and into #60 sieve to identify the amount and type of food items 
that were potentially lost from the larger (#35) mesh sieve in previous years.  Core samples that 
contained large amounts of soil after the initial rinse were soaked in hydrogen peroxide for ≤2 
min and re-rinsed (Hagy and McKnight 2016).  
I transferred wet samples to a petri dish, and removed and identified invertebrates and 
aquatic vegetation to the lowest practical classification using a dissecting microscope.  I then air 
dried remaining material for >24 hr to prepare samples for seed removal.  Dry samples were then 
passed through a series of sieves (#18 [1.0 mm] and #35, 2016 and 2017; #18, #35, #60, 2018) to 
remove residual soil/detritus and separate seeds based on size.  From these samples, I removed 
seeds using a dissecting microscope and subsampled (up to 25%) small and medium seed 
samples (#60 and #35 sieves, respectively) with abundant food items (>500) to save time and 
labor costs (Hagy et al. 2011, Livolsi et al. 2014).  For subsampling, I obtained the weight of the 
full sample, homogenized the sample, and removed a portion of the sample equal to the weight 
of the desired subsample (25% or 50% of the sample) for analysis.  All food items from cores 
were dried to constant mass separately by the lowest taxonomical level practical (genus or 
species for seeds and vegetation, family or class for invertebrates), enumerated, and weighed by 
taxon using published protocols (Hagy et al. 2011, Hagy and Kaminski 2012). 
Data Analysis 
To quantify diet composition, I calculated proportional occurrence and aggregate percent 
dry biomass values across all food items found in the esophagus and proventriculus (Swanson et 
al. 1974).  Individuals containing insufficient amounts of food (<5 items or <.001 g) were 
removed from analyses.  I determined food selection using a rank comparison of use and 





inclusion of questionable items (rarely use items or when true resource availability is not 
straightforward) and results in ordering of food items that allows relative statements of resource 
selection (Johnson 1980, Alldredge and Griswold 2006, Tidwell et al. 2013).  
I calculated proportional occurrence and aggregate percent biomass for both diets and 
core samples for comparison (Swanson et al. 1974).  I combined seed masses of all congeners as 
well as invertebrate taxa into logical groupings (i.e., Family–Class) for analyses due to limited 
samples sizes of many individual species and limited evidence that teal can select between 
species with similar morphologies.  I included diet items for selection analysis based on their 
aggregate percent biomass values, using the most common items from both diet and core 
samples in subsequent analysis.  I recalculated aggregate percent biomass values for top items in 
each diet and core sample using only the top 7 items and ranked each item according to Johnson 
(1980).  I removed one food item from this analysis (Ammannia spp.) because it was not detected 
in any of the 39 foraging site core samples collected during 2016 and 2017, indicating possible 
sampling error and probable selection bias.  I calculated a selection coefficient tij for each 
individual teal (j) and diet item (i) combination by subtracting the rank of availability from the 
rank of usage.  I performed the same calculations with overall plant and animal material for each 
bird to generate selection values between the two food sources.  
I tested for differences in overall selection of plant and animal material using Wilcoxon 
signed-rank test due to non-normal distributions of data.  Selection intensity values of top diet 
items were also not normally distributed however I used multivariate analysis of variance 
(MANOVA) because the F-test is robust to deviations from normality (Lindman 1974).  I tested 
for differences in selection intensity among age, sex, year, migratory period, and wetland 





migration date (~15 March) for teal in the IRV using eBird data from 2016–2018 and classified 
collections as early (˂15 March) or late (≥15 March).  I categorized wetland connectivity with 
the mainstem river as 1) directly connected or influenced by the Illinois River below flood stage 
(connected), 2) influenced by the river at or above moderate flood stage (partially connected), 
and 3) disconnected via surface water and mostly uninfluenced by the Illinois River (isolated, 
Lemke et al. 2017).  I used a Hotelling’s T2-test to evaluate hypotheses and I used the 
corresponding Wilks’ Lambda measure to test the null hypothesis (Tidwell et al. 2013).  For 
independent variables with a significant effect, I further evaluated selection rates of individual 
diet items using a Waller-Duncan multiple comparisons procedure recommended by Johnson 
(1980). 
Sieve size comparison 
I analyzed differences in seed retention between #35 and #60 sieves for 2018 core 
samples due to the absence of Ammannia spp. in core samples during the previous two years.  I 
identified the 7 highest ranking items from diet and core samples and calculated availability 
estimates (kg/ha) for both sieve samples, but unlike the previous analysis, I retained Ammannia 
spp. because it was captured and was present in the #60 sieve.  I used a paired sample t-test to 
identify differences in seed retention between the #35 and #60 of each food item in my analysis.  
Additionally, I performed an equivalency test on those items (two one-sided test [TOST]; Lakens 
2017) to test if items were statistically equivalent (α = 0.05) between sieves (Dixon and 
Pechmann 2005).  To identify how differences in seed retention affected selection, I calculated 
individual selection for each item between sieves.  I followed aforementioned protocols for 





both data sets to identify individual taxa selection and quantify variation in selection intensities 
with different food availability estimates. 
RESULTS 
During February–April 2016–2018, I collected 95 adult (89 male, 6 female) and 71 
immature (33 male, 38 female) teal from 13 wetlands in the IRV; (Table 1.1).  I censored 27 teal 
(16 male, 11 female) from analyses because they contained insufficient ingesta for diet analysis.  
I identified 128 unique food items in the diets of teal (Table 1.2, 1.3, 1.4).  Mean aggregate 
percent biomass of plant and animal material comprised 85.8% (CI95 = 81.2–90.3%) and 14.2% 
(CI95 = 9.6–18.7%) of diets, respectively.  Additionally, plant and animal material occurred in 
100.0% and 67.4% of diets, respectively.  Plant items that comprised >5% of mean aggregate 
biomass included seeds of sedges (Cyperus spp.), smartweeds (Polygonum spp.), pigweeds 
(Amaranthus spp.), sprangletop (Leptochloa spp.), panic grass (Panicum spp.), and toothcup 
(Ammannia spp.) (Table 1.2).  The only animal item comprising >5% of aggregate biomass was 
aquatic worms (Oligochaeta) (Table 1.3).  Vegetation played a minor role in teal diets with no 
items comprising more than 1% of aggregate biomass (Table 1.4). 
Mean food availability across foraging locations was 450.8 kg/ha (CI95 = 347.8–554.4 
kg/ha; range: 46.5–2,359.9 kg/ha, n = 60).  Mean aggregate percent biomass for plant and animal 
material availability were 79.5% (CI95 = 73.6–85.4%) and 20.5% (CI95 = 14.6–26.4%), 
respectively.  Availability items comprising >5% of aggregate biomass were Polygonum spp., 
Ipomoea spp., Oligochaeta, Cyperus spp. tubers, and Amaranthus spp., Echinochloa spp., and 
Potamogeton spp. (Table 1.5). 
Spring-migrating teal consumed plant and animal material in proportion to availability in 





availability among years (Wilks’ λ = 0.52, F2,131 = 5.90, P < 0.01) and wetland connectivity 
classes (Wilks λ = 0.61, F2,131 = 4.35, P < 0.01) but not by age, sex, or migratory period (Wilks λ 
> 0.91, F1,131 < 1.38, P > 0.01).  Selection varied among years for all food items (F2,136 > 3.62, P 
< 0.02) except Potamogeton spp. (F2,136 = 1.05, P = 0.35).  Selection varied among wetland 
connectivity classes for Cyperus spp. (F2,136 = 3.88, P = 0.02), Leptochloa spp. (F2,136 = 15.90, P 
< 0.01), and Potamogeton spp. (F2,136 = 4.81, P = 0.01).  Multiple comparisons tests revealed 
variation in selection intensity among top food items among years (Table 1.6) and connectivity 
measures (Table 1.7).  
Sieve size comparison 
I failed to find evidence of a difference in food density estimates between sieves for 9 of 
10 diet items (P > 0.05; Table 1.8).  However, the #60 sieve contained ~5 times more (P = 0.008) 
Cyperus spp. seeds than the #35 sieve.  I was unable to find support for a difference (P > 0.05) or 
equivalence (P > 0.05) in the estimated availability of Amaranthus spp. and Panicum spp.  
However, greater seed retention in the #60 sieve altered the availability ranking of some diet 
items leading to a general decline in selection intensity for those items which had increased 
availability and increased selection intensity for the remaining diet items in the #60 sieve 
analysis (Table 1.9).  Ultimately, Polygonum spp. was the only diet item that switched from 
mean selection with a #35 sieve to avoidance with a #60 sieve, but confidence intervals in both 
analyses indicated overlap with zero. 
DISCUSSION 
Diets of spring-migrating teal were comprised largely of plant seeds with small 
percentages of invertebrates present.  I found no overall selection for animal material in diet 





diet and available items.  While teal consumed large amounts of seeds, I failed to find evidence 
that they were generally selecting seeds in greater proportion than their availability at feeding 
sites.  However, I found evidence that four seed taxa were selected by spring migrating teal, 
including Cyperus spp., Leptochloa spp., Potamogeton spp., and Ammannia spp.  Previous 
studies on food habits of teal during fall migration in Illinois reported consumption of plant 
material totaling >80% of the total biomass (Anderson 1959, Havera 1999).  In accordance with 
previous teal diet studies conducted during fall in Illinois (Anderson 1959, Havera 1999), I found 
Cyperus spp. to be the most important diet item for teal during spring migration. Cyperus spp. is 
common in moist-soil wetlands in the Midwest (Bowyer et al. 2005, Smith 2007, Hitchcock 
2008, Dugger and Feddersen 2009), valued as a good food for waterfowl (Stradler and Stinson 
2005), and responds well to mid and late season drawdowns (Fredrickson and Taylor 1982).     
Although spring migrating teal consumed plant and animal material in proportion to 
availability, I found significant differences in individual taxa selection intensity between year 
and wetland connectivity classes.  My selection analysis among years and wetland classes 
revealed that teal selected for small (i.e., Cyperus spp.) and medium (i.e., Leptochloa spp., 
Potamogeton spp.) sized seeds and avoided large seeds (Ipomoea spp., Echinochloa spp.) and 
invertebrates (Oligochaeta; Hagy and Kaminski 2012) (Fig. 1.2).  Havera (1999) noted that teal 
consumed small seeds and invertebrates at locations where large seeds (Japanese millet 
[Echinochloa esculenta]) was sown and available.  These trends in selection may be 
advantageous to teal, as they exhibit very high (ie., 13 lamellae/cm) lamellar density allowing for 
ingestion of small items (Nudds and Bowlby 1984, Armstrong and Nudds 1985).  Their densely 
packed lamellae may allow them to access resources that larger-bodied fowl may overlook.  





consistent use of food items that deviated in size from that available in their environment.  
Conversely, Nummi (1992) classified teal as generalist foragers who exhibited plasticity in 
forage size but tended to use smaller items. My selection analysis supports the hypothesis of teal 
as selective foragers during spring migration (Nudds and Bulby 1984) because of their apparent 
selection for small and medium seeds and avoidance of large seeds and invertebrates 
Individual food item selection varied among years which was likely attributed to many 
abiotic factors that influence vegetation communities and wetland availability in the IRV.  
Flooding events likely caused much of the annual variation in food selection.  For example, a 
major flooding event in March 2018 inundated a large portion of the IRV floodplain and likely 
allowed spring migrants to access wetlands and resources not available to fall migrants or 
wintering waterfowl.  River fluctuations during the growing season can also affect food 
production (Havera 1999, Bowyer et al. 2005).  Production of moist-soil plant seeds which form 
the main diet of teal has been shown to vary annually in the IRV (Bowyer et al. 2005, Stafford et 
al. 2011).  Moreover, differences in drawdown rate, drawdown timing, or summer precipitation 
can affect vegetation composition and seed yield which together with spring conditions likely 
impacted annual selection rates (Fredrickson and Taylor 1982, Bowyer et al. 2005, Dugger and 
Feddersen 2009).  Overall changes to the floodplain (i.e., wetland drainage, floodplain alteration, 
and urbanization) add to the intensity of flooding events (Sparks and Spink 1998) which can 
destroy vegetation if the fluctuations are untimely (Bowyer et al. 2005, Dugger and Feddersen 
2009, Stafford et al. 2011).  Teal diets are likely heavily influenced by the availability of seeds 
during spring and may have limited opportunity for selection. 
Similarly, river fluctuations and flooding likely caused some of the differences in food 





connection to the river should be most susceptible to untimely flooding events while isolated 
wetlands may remain unimpacted.  Wetlands connected to the mainstem river have suffered from 
annual flooding, sedimentation, increased turbidity, and invasive species (Havera 1999).  
Wetland management (water level manipulation, disking, planting) on isolated and partially 
connected wetlands can increase food production for migrants, however summer flooding can 
destroy food in connected and partially connected wetlands.  Additionally, some wetland 
obligate taxa are absent from connected and partially connected wetlands in the IRV (i.e., 
Potamogeton spp.) which likely influenced selection intensity among connectivity types (Moore 
et al. 2010, Stafford et al. 2010). 
My estimate for mean food availability at collection sites (450 kg/ha) is greater than 
previous estimates during spring in the upper Midwest (Straub et al. 2012) and surpasses 
thresholds for profitable forage acquisition (Hagy and Kaminski 2015, Hagy et al. 2017).  My 
food availability estimates were taken only at teal foraging locations and likely do not represent 
food availability throughout the wetland; however, Smith (2007) found little difference in 
availability estimates between foraging and random patches during spring migration at Two 
Rivers National Wildlife Refuge. 
I found that a #35 sieve did not accurately represent the availability of small seeds that 
were present in teal diets.  I believe that an accurate depiction of food availability was 
accomplished with the #60 sieve (i.e., greater seed retention).  Availability of common items like 
Cyperus spp., Ammannia spp., and Amaranthus spp. were underestimated or completely absent 
from #35 sieve samples.  These taxa are common in moist-soil wetlands in the United States 
(Strader and Stinson 2005, Dugger and Feddersen 2009, Schummer et al. 2012) and important 





Tidwell 2013, Collins et al. 2017).  Previous research that measured food availability with #35 
sieve likely underestimated the availability of small seeds which can comprise a large amount of 
the overall food biomass in moist-soil wetlands (Stafford et al. 2011).  Although I noted 
differences in seed retention and selection intensities among taxa between #35 and #60 sieve 
samples, overall selection trends remained similar for 9 of 10 items.  Polygonum spp. was the 
only item to switch between selection and avoidance with differing food availability estimates, 
however, those estimates overlapped with zero in both analyses, indicating no preference or 
avoidance.  Nevertheless, measuring food items with only a #35 sieve has the potential to 
introduce significant bias in all investigations of food use or food availability.  The seed retention 
should be carefully considered before employing methods in future studies. 
A need for unbiased studies of food selection has been articulated by Callicutt et al. 
(2011) noting their utility in understanding fundamental ecology and informing sound wetland 
management.  Anderson (2000) performed the only selection analysis (to my knowledge) on teal, 
revealing selection for invertebrates during fall and early winter periods in the southern High 
Plains of Texas.  I found no previous analysis of food selection by teal during spring migration; 
however, recent studies have evaluated other dabbling duck species utilizing stopover locations 
in the Midwest.  Food selection results for mallards during spring migration are variable with 
mallards selecting for (Smith 2007), avoiding (Tidwell 2013), or consuming moist-soil seeds in 
proportion to availability (Hitchcock 2008).  Selection analysis on similar sized blue-winged teal 
during spring revealed selection for invertebrates in both studies (Hitchcock 2008, Tidwell et al. 
2013).  My results of no overarching selection of plant or animal material by teal contrast with 





The spring diet shift hypothesis purports that dabbling ducks increase selection for 
invertebrate material prior to/during spring migration in preparation for the breeding season.  My 
study failed to provide evidence of invertebrate selection or increased invertebrate consumption 
by spring-migrating teal in the IRV.  While many studies have documented the use of 
invertebrate material by spring migrating ducks, few studies have provided evidence to 
substantiate the spring diet shift hypothesis.  Spring migrating blue-winged teal have been shown 
to consume (Taylor 1978, DeRoia 1989) and select (Manley et al. 1992, Tidwell et al. 2013) 
invertebrates, however these studies have failed to document an increase in the use or selection 
of invertebrates.  Heitmeyer (1985) described an increase in dietary invertebrates for mallards 
during pre-basic molt in late winter, but after molting they shifted back to a high carbohydrate 
diet in preparation for spring migration.  Gammonley (1995) found differences in invertebrate 
consumption during various reproductive periods in female cinnamon teal (Spatula cyanoptera) 
although invertebrate consumption did not differ from that of pre-breeding individuals.  Hohman 
et al. (1996) found that female fulvous whistling ducks in Louisiana increased consumption of 
animal material minimally (≤ 4% of diet) during rapid ovarian follicle growth. Hitchcock (2008) 
found that blue-winged teal selected for invertebrates and noted increases in invertebrate 
consumption with increasing collection date but failed to test selection and consumption rate 
simultaneously. 
Literature that is routinely cited when referencing the spring diet shift hypothesis has 
failed to provide evidence of tangible diet shifts prior to the breeding period (e.g., Heitmeyer 
1985, Gammonley 1995, Hohman et al. 1996).  Additionally, the methods and timescale of many 
of the previous studies do not allow for an appropriate test of the hypothesis.  An acceptable test 





invertebrate consumption rates on the wintering grounds, during spring migration, and for 
breeding individuals.  Additionally, investigators should quantify selection of invertebrate 
material to ensure that a potential shift is not simply due to increasing invertebrate availability on 
the breeding grounds.  The testing of this hypothesis in greater detail and with expanded efforts 
may increase our knowledge of energetics and food preference during a relatively understudied 
period in the annual cycle of waterfowl (Arzel et al. 2006). 
MANAGEMENT IMPLICATIONS 
I recommend increasing food availability for spring-migrating teal with an active moist-
soil management regime (i.e., water level manipulation, disking).  Additionally, providing a 
diversity of food resources rather than producing a monoculture of large-seeded species (e.g., 
millet) will benefit waterfowl species like teal who select for small-sized food items.  To provide 
these resources during spring migration, wetland managers should forego flooding of some 
wetlands until spring which will make available new resources for spring migrants. 
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Table 1.1.  Collection totals of experimentally collected spring-migrating green-winged teal 
(Anas crecca) in the Illinois River Valley during February–April 2016–2018. Collections took 
place in wetlands located within State Fish and Wildlife Areas (SFWA), National Wildlife 
Refuges (NWR), and private lands within 5 miles of the Illinois River. 
Collection Site 2016 2017 2018 Total 
Anderson Lake SFWA 0 2 0 2 
Chautauqua NWR 4 7 3 14 
Emiquon NWR 16 4 5 25 
Emiquon Preserve 0 4 15 19 
Marshall SFWA 3 1 5 9 
Mississippi River SFWA 6 8 3 17 
Quiver Creek 7 0 18 25 
Rice Lake SFWA 6 3 8 17 
Sand Lake 1 0 0 1 
Sanganois SFWA 0 0 1 1 
Spring Lake SFWA 0 0 3 3 
Swan Lake Club 0 0 6 6 






Table 1.2.  Comprehensive list of seed taxa found in the diets of 139 spring migrating green-
winged teal (Anas crecca) collected in the Illinois River Valley during February–April 2016–
2018.  Table includes taxa name, as well as mean aggregate percent biomass values (Agg. %) 
and the proportion of individual teal diets that contained the item (% occ.).  Items averaging less 











Total Seeds 84.5 72.9 Cannabis sativa 0.1 0.7 
Cyperus spp. 18.8 76.9 Sorghum bicolor 0.1 0.7 
Polygonum spp. 11.3 53.1 Rumex crispus 0.1 4.8 
Amaranthus spp. 8.2 49.7 Lactuca serriola 0.1 0.7 
Leptochloa spp. 6.8 21.1 Elusine indica 0.1 6.1 
Panicum spp. 6.5 33.3 Suaeda depressa 0.1 6.1 
Ammannia sp. 5.4 23.8 Eclipta prostrata 0.1 8.8 
Potamogeton spp. 4.3 17.0 Myriophyllum spicatum 0.1 1.4 
Leersia oryzoides 3.9 17.7 Cephalanthus occidentalis 0.1 2.7 
Eleocharis spp 3.1 21.1 Typha spp. 0.1 4.8 
Echinochloa spp. 2.1 16.3 Zannichellia palustris tr. 1.4 
Setaria spp. 1.9 13.6 Salix spp. tr. 0.7 
Portulaca spp. 1.7 9.5 Thlaspi arvense tr. 1.4 
Najas spp. 1.3 8.2 Arcticum minus tr. 0.7 
Sagittaria spp. 1.2 15.0 Sida spinosa tr. 0.7 
Chenopodium spp. 0.9 17.7 Chamaesyce spp. tr. 4.8 
Ipomoea spp. 0.8 4.1 Juncus spp. tr. 2.0 
Zea mays 0.5 0.7 Verbascum thapsus tr. 2.0 
Aster spp. 0.5 3.4 Ambrosia artemisiifolia tr. 1.4 
Solidago spp. 0.4 1.4 Phalaris arundinacea tr. 2.7 
Stellaria spp. 0.4 1.4 Potentilla pensylvanica tr. 0.7 
Ludwigia peploides 0.3 5.4 Stellaria media tr. 0.7 
Scirpus spp. 0.3 5.4 Heteranthera spp. tr. 1.4 
Mollugo verticillata 0.3 2.7 Asclepias syriaca tr. 2.0 
Unk. Seed 0.3 8.8 Eupatorium spp. tr. 1.4 
Eragrostis hypnoides 0.3 8.2 Acalypha spp. tr. 0.7 
Persicaria lapathifolia 0.2 0.7 Verbena spp. tr. 1.4 
Morus alba 0.2 0.7 Ranunculus scleratus tr. 0.7 
Brassica spp. 0.2 2.0 Platunus occidentalis tr. 0.7 
Melilotus officinalis 0.2 4.1 Ceratophyllum demersum tr. 0.7 
Rhamnus cathartica 0.2 0.7 Digitaria spp. tr. 0.7 
Table 1.3 Continued.      





Carex spp. 0.1 4.8 Bidens spp. tr. 0.7 
Sinapis arvensis tr. 1.4 Dismanthus illinoensis tr. 0.7 
Solanum spp. tr. 0.7 Physalis spp. tr. 0.7 







Table 1.3.  Comprehensive list of invertebrate taxa found in the diets of 139 spring migrating 
green-winged teal (Anas crecca) collected in the Illinois River Valley during February–April 
2016–2018.  Table includes taxa group, as well as mean aggregate percent biomass (Agg. %) and 
the proportion of individual teal diets that contained the item (% occ.).  Items averaging less than 
0.1% aggregate percent biomass were noted as trace (tr.). 
Taxa Agg. % % occ. 
Total Invertebrates 14.2 23.0 
Oligochaeta 5.6 23.1 
Chrionomidae 3.0 32.7 
Sphaeriidae 1.4 4.1 
Gastropoda 0.9 13.6 
Egg Mass 0.6 10.9 
Ostracoda 0.6 23.1 
Nematoda 0.5 5.4 
Hemiptera 0.5 7.5 
Diptera 0.3 10.9 
Unk. Invert 0.2 1.4 
Coleoptera 0.1 9.5 
Cladocera 0.1 12.9 
Statoblast 0.1 14.3 
Amphipoda 0.1 5.4 
Copepoda 0.1 7.5 
Araneae tr. 4.8 
Acariformes tr. 5.4 
Collembola tr. 3.4 
Myriapoda tr. 0.7 
Anostraca tr. 0.7 
Trichoptera tr. 0.7 
Hymenoptera tr. 0.7 
Lepidoptera tr. 0.7 
Ephemeroptera tr. 0.7 
Hydrozoa tr. 0.7 
Odonata tr. 0.7 







Table 1.4.  Comprehensive list of vegetation taxa found in the diets of 139 spring migrating 
green-winged teal (Anas crecca) collected in the Illinois River Valley during February–April 
2016–2018.  Table includes taxa name, as well as mean aggregate percent biomass values (Agg. 
%) and the proportion of individual teal diets that contained the item (% occ.).  Items averaging 
less than 0.1% aggregate percent biomass were noted as trace (tr.). 
Taxa Agg. % % occ. 
Total Vegetation 1.3 4.1 
Lemna spp. 1.0 24.5 
Wolffia spp. 0.3 4.1 
Elodea spp. tr. 0.7 







Table 1.5.  List of 20 most available items (based on aggregate biomass) to spring migrating 
green-winged teal (Anas crecca) based on core samples taken at collection locations in the 
Illinois River Valley during February–April 2016–2018.  Table denotes item type: seed, tuber, or 
invertebrate as well as mean aggregate biomass values (Agg. %) and mean kilograms per hectare 
(kg/ha) for each item in each food availability sample 
Taxa Agg. % Avg. kg/ha 
Invertebrate   
Oligochaeta 9.2 19.5 
Physiidae 2.0 8.6 
Chrionomidae 1.5 2.6 
Sphaeriidae 1.4 3.0 
Glossiphonidae 0.9 2.9 
Seed   
Polygonum spp. 14.1 55.6 
Ipomoea spp. 12.2 73.6 
Amaranthus spp. 8.0 22.7 
Echinochloa spp. 6.5 25.4 
Potamogeton spp. 5.8 44.0 
Panicum spp. 3.7 13.3 
Abutilon spp. 3.0 14.6 
Cyperus spp.  2.8 6.8 
Leersia spp. 2.7 18.0 
Lemna spp. 2.2 13.3 
Leptochloa spp. 1.4 3.8 
Eleocharis spp. 1.3 4.8 
Chenopodium spp. 1.0 4.0 
Setaria spp. 1.0 4.5 
Tuber   







Table 1.6.  Annual variation in selection intensity (Ti) of the top food items consumed and 




All (n = 139) 2016 (n = 36) 2017 (n = 38) 2018 (n = 65) 
Tia Sb Tia Sb Tia Sb Tia Sb 
Plant  0.0 A 0.0 A 0.0 A -0.1 A 
Animal 0.0 A 0.0 A 0.0 A 0.1 A 
Cyperus spp. seed -2.7 A -1.5 A -3.9 A -2.6 A 
Leptochloa spp. -1.2 B -1.6 A -2.6 B -0.3 BC 
Potamogeton spp. -1.1 B -1.0 A -1.4 BC -0.9 B 
Panicum spp. 0.1 C -0.1 A 0.9 DE -0.2 BCD 
Amaranthus spp. 0.5 CD 1.8 C 0.0 C 0.0 CD 
Polygonum spp. 0.6 CE 0.2 AB 1.7 E 0.1 CD 
Ipomoea spp. 1.1 E -0.3 A 2.5 F 1.0 E 
Oligochaeta spp. 1.3 E 1.1 BC 0.6 CD 1.9 E 
Echinochloa spp. 1.4 DE 1.4 C 2.2 EF 1.0 DE 
a Negative selection intensities indicate selection for the diet item, whereas, positive values 
indicate avoidance. 
b Taxa sharing a letter within sieve sizes exhibited similar selection intensity, whereas those not 







Table 1.7.  Variation in selection intensity by wetland connectivity class (connected, partial, 
isolated) to the mainstem river.  Items include top items eaten and available to spring-migrating 
green-winged teal during February–April 2016–2018 in the Illinois River Valley. Selection 
intensity is denoted by (Ti).  Connected wetlands are influenced by the river below flood stage, 
partial wetlands are influenced by the river when levels rise above flood stage, and isolated 
wetlands are disconnected from the river.  
  All (n=139) connected (n=15) partial (n=92) isolated (n=32) 
Taxa Tia Sb Tia Sb Tia Sb Tia Sb 
Plant  0.0 A -0.1 A 0.0 A -0.1 A 
Animal 0.0 A 0.1 A 0.0 A 0.1 A 
Cyperus spp. seed -2.7 A -4.3 A -2.4 A -2.8 A 
Leptochloa spp. -1.2 B -0.9 AB -0.6 B -3.1 A 
Potamogeton spp. -1.1 B -1.0 AB -1.4 AB -0.3 B 
Panicum spp. 0.1 C -0.8 B 0.2 BC 0.3 BC 
Amaranthus spp. 0.5 CD 1.7 B 0.4 BC 0.1 BC 
Polygonum spp. 0.6 CE 1.5 B 0.4 BC 0.5 CD 
Ipomoea spp. 1.1 E -0.2 B 1.1 C 1.6 E 
Oligochaeta spp. 1.3 E 1.7 B 1.1 C 1.8 DE 
Echinochloa spp. 1.4 DE 2.2 B 1.1 C 1.9 E 
a Negative selection intensities indicate selection for the diet item, whereas, positive values 
indicate avoidance. 
b Taxa sharing a letter within sieve sizes exhibited similar selection intensity, whereas those not 






Table 1.8.  Mean differences (Δ) in biomass density (kg/ha) at 2018 foraging locations of green-
winged teal (Anas crecca) between seed availability of top food items using #60 (250 µm) and 
#35 (500 µm) sieves and resulting p-values from paired t-tests and TOST equivalency tests 
(TOST upper, TOST lower) performed on taxa that displayed differences in biomass between 
sieves.  I did not perform an equivalency test on Cyperus spp. samples due to significant 
differences among samples.  I was not able to calculate equivalency test on Ammannia spp. due 
to complete absence of seeds in #35 sieve samples, however I assume that samples are not equal 
due to Ammannia spp. seed retention in the #60 sieve.  





Cyperus spp. seeds 18.4 3.7 14.7 0.009 - - 
Ammannia sp. 5.8 0.0 5.8 0.278 - - 
Amaranthus spp. 35.6 31.3 4.3 0.112 0.847 0.017 
Panicum spp. 13.1 13.0 0.1 0.327 0.147 0.003 
Cyperus spp. tubers 182.8 182.8 0.0  - - - 
Echinochloa spp. 32.9 32.9 0.0 - - - 
Ipomoea spp. 60.7 60.7 0.0 - - - 
Leptochloa spp. 4.1 4.1 0.0 - - - 
Polygonum spp. 26.7 26.7 0.0 - - - 
Potamogeton spp. 103.8 103.8 0.0 - - - 









Table 1.9.  Comparison of mean food selection intensity (Ti) calculated using proportional availability from 500-µm (#35) and 250-µm 
(#65) mesh sieves for spring migrating green-winged teal (Anas crecca) collected in the Illinois River Valley, Illinois, USA during 
February –April 2016–2018. Mean aggregate biomass (%) values are presented for food items located in esophageal (Diet) and 
availability (Core) samples.  
  # 35 Sieve # 60 Sieve 
Taxa Dieta Core Tib Sig.c Core Tib Sig.c 
Plant 96.3 86.1 0.02 A 87.4 0.02 A 
Animal 3.7 13.9 -0.02 A 12.5 -0.02 A 
Cyperus spp. seeds 25.3 2.1 -2.68 A 6.0 -1.18 A 
Ammannia spp. 5.6 0.0 -1.68 AB 1.7 -0.95 A 
Potamogeton spp. 5.9 7.0 -0.72 C 6.8 -0.98 A 
Panicum spp. 15.3 8.1 -0.12 CD 6.7 -0.55 AB 
Leptochloa spp. 11.5 13.9 -0.12 BCE 10.0 -0.63 AB 
Amaranthus spp. 20.6 19.1 0.05 CF 24.0 0.18 BC 
Polygonum spp. 9.2 7.6 0.15 DEF 6.6 -0.30 AB 
Echinochloa spp. 4.1 7.4 1.26 DG 6.4 0.95 CD 
Ipomoea spp. 2.5 12.1 1.37 G 11.9 1.08 D 
Cyperus spp. tubers 0.0 22.7 2.49 F 19.8 2.39 E 
a Diet samples were washed through a #60 sieve and thus the mean aggregate biomass does not change between sieve availability estimates. 
b Negative selection intensities indicate selection for the diet item, whereas, positive values indicate avoidance. 







Figure 1.1.  Collection locations of foraging green-winged teal (Anas crecca) during spring 
migration in the Illinois River Valley, Illinois, USA during February–April 2016–2018.  1-Two 
Rivers National Wildlife Refuge (NWR); 2-Mississippi River State Fish and Wildlife Area 
(SFWA); 3-Sanganois SFWA; 4-Anderson Lake SFWA; 5-Sand Lake; 6-Emiquon NWR; 7-
Emiquon Preserve; 8 Quiver Creek; 9-Chautauqua NWR; 10-Rice Lake SFWA; 11-Spring Lake 






Figure 1.2. Visual depiction of the variable size of common moist-soil seeds in spring-migrating 
green-winged teal (Anas crecca) diets. In order from left to right. Top row: Potamogeton spp., 
Ipomoea spp., Echinochloa crus-gali; middle row: Leptochloa fusca, Panicum dichotomiflorum, 
Setaria spp., Polygonum lapithofolium; bottom row: Amaranthus spp., Cyperus odoratus, 






CHAPTER 2. POTENTIAL BIAS IN AVIAN DIET ANALYSIS METHODS FOR DUCKS 
AND SHOREBIRDS  
ABSTRACT  
 A clear understanding of food habits provide a fundamental foundation for wildlife 
management activities within an adaptive management framework.  However, food-use studies 
must be conducted with methods free from explicit bias, including experimental collection of 
foraging individuals, preservation techniques to stop digestion of soft-bodied invertebrates 
immediately after collection, and limited reliance on gizzard content to determine food selection.  
In many previous food-use studies for wetland-dependent birds, examining gizzard contents has 
likely introduced bias in the form of underestimating the contribution of soft-bodied animal 
material to diets.  Therefore, I identified food items in the esophagus and gizzard, separately, of 
112 dabbling ducks (Anatini), 101 diving ducks (Aythyini), and 177 shorebirds 
(Charadriiformes) to test for differences in diet composition resulting from inclusion or exclusion 
of items in the gizzard across guilds.  Additionally, I investigated potential differences in the 
proportion of invertebrate (hard and soft) and seed (large and small) groups between esophagi 
and gizzard samples for all three guilds.  The proportional occurrence of animal material was 90–
95% less in gizzard samples and 40–90% less in combined samples than esophageal samples, 
across guilds.  Additionally, gizzards contained 1–14% more large seeds than esophageal 
samples across all guilds.  Similarly, diving and dabbling duck gizzards contained 6–14% less 
soft-bodied invertebrates than esophageal samples.  Inclusion of food items from gizzard 
samples resulted in a negative bias in consumption of animal material across all bird guilds.  To 





encourage researchers to limit their analysis to esophageal contents following experimental 
collection. 
INTRODUCTION 
Understanding food use by wild birds is necessary to clearly understand life history 
requirements (Litvaitis 2000).  Food-use studies provide a basis for sound habitat management 
and can be used to help parameterize conservation planning models that estimate energetic 
carrying capacity (Callicutt et al. 2011).  Studies of waterfowl and shorebird food use date back 
to the early 1900s, but changes in methodologies that lead to unbiased understanding of food 
selection have been slow to be adopted (Rundle 1982, Callicutt et al. 2011).  A number of studies 
have identified potential sources of bias, which may result in inaccurate ratios of diet items 
(Swanson and Bartonek 1970, Swanson et al. 1974, Sheeley and Smith 1989). 
A majority of food-use studies prior to the 1980s used methods that incorporate 
significant bias (Callicutt et al. 2011).  Waterfowl harvested by hunters or over decoys may be in 
poorer condition than experimentally collected individuals (Greenwood et al. 1986, Heitmeyer et 
al. 1993).  Sheeley and Smith (1989) found that diet analysis of non-experimentally collected 
dabbling ducks can over represent the importance of agricultural grains.  Moreover, aggregate 
volumetric measurement was shown to mislead the relative importance of food items in the diet 
due to differential food volume across individuals likely caused by the ability of the esophagus to 
expand and differential digestion rates of diet items (Swanson et al. 1974).  Lastly, including 
food items found in the gizzard can underrepresent the consumption of soft animal material (e.g., 
invertebrates) due to differential breakdown rates compared to hard material (e.g., seeds; 
Swanson and Bartonek 1970, Rundle 1982, Briggs et al. 1985).  Invertebrates lacking a hard 





retained longer in the gizzard (Rundle 1982).  Small seeds with hard seeds coats are more 
resistant to digestion (Soons et al. 2008, Kleyheeg et al. 2018) and may be a major contributor to 
the dissimilarities between digestive organs.  
Dabbling ducks (Anatini), diving ducks (Aythyini), and shorebirds (Charadriiformes) 
have diverse dietary needs and preferential foraging conditions.  Shorebirds typically forage in 
wetlands with exposed mudflats or very shallow water (i.e., <10 cm; Helmers 1992, Taft et al. 
2002, Potter et al. 2007) and consume a diet dominated by invertebrates (Baldassarre and Fischer 
1984, Mitchell and Grubaugh 2005, Eldridge et al. 2009, Smith et al. 2012).  Dabbling ducks 
typically forage in shallow water (i.e., <20 cm; Isola et al. 2000) and consume a diverse diet of 
invertebrates, seeds, and submersed aquatic vegetation (Anderson 1959, Hughes and Young 
1982, Euliss and Harris 1987, Hitchcock 2008, Collins et al. 2017).  Similarly, diving tend to 
forage in deeper water and many consume plant tubers and hard-bodied invertebrates (i.e., >1m; 
Bartonek and Hickey 1969, Hoppe et al. 1986, Woodin and Swanson 1989, Colwell and Taft 
2000, Baschuk et al. 2012). 
Given apparent dissimilarities in the retention time and breakdown rate of diet items 
among parts of the digestive system, investigating potential relationships between food presence 
in the esophagus and gizzard is warranted.  Sampling bias associated with the inclusion of 
gizzard samples in diet analysis has been previously evaluated for a few species of dabbling and 
diving ducks (Bartonek and Hickey 1969, Swanson and Bartonek 1970, Briggs et al. 1985) and 
shorebirds (Rundle 1982).  While all three guilds displayed significant differences in animal 
material between esophagus and gizzard samples, differences in diet composition may influence 
the amount of bias (Briggs et al. 1985).  The rate of breakdown for animal material can be 





(i.e., shorebirds) may not display the difference in animal material between organs at the 
magnitude as more omnivorous guilds (i.e., dabbling ducks, diving ducks).  Additionally, the soft 
plant and animal material may persist longer in the absence of hard items.  
I investigated the effect of diet analysis method on food use of three bird guilds important 
to wetland management in the Midwest.  My objectives were to quantify bias resulting from the 
inclusion of gizzard samples in diet analysis and explore if hard and soft diet items differed 
between sample types (i.e., esophagus, gizzard) for three guilds of wetland dependent birds.  I 
predicted that gizzard samples would contain lower quantities of animal material as compared to 
esophageal samples.  Additionally, I predicted that small seeds and hard-shelled invertebrates 
would be retained and found more readily in gizzard samples due to differential digestion rates. 
STUDY AREA 
My study was conducted within and nearby the floodplains of Illinois River and upper 
Mississippi River in Illinois and Wisconsin, USA.  I sampled in the Peoria, La Grange, and Alton 
Pools of the Illinois River and Pools 7, 8, 9, 12, and 19 of the Mississippi River.  These river 
systems contain a mosaic of habitat resources including backwater lakes, floodplain forests, 
emergent marshes, and large open water areas (Guyon et al. 2012).  Both river systems are 
considered important stopover regions for migratory birds in the Mississippi Flyway (Havera 
1999, Stafford et al. 2007, Soulliere et al. 2017) and have been subjected to the effects of 
anthropogenic modifications including lock and dam creation, channelization, pollution, and 
extensive sedimentation that have affected their historic function (Bellrose et al. 1979, Stafford 
et al. 2007, Dugger and Feddersen 2009).  Both the Illinois and Upper Mississippi River contain 
diverse waterfowl habitat including open water, aquatic vegetation beds, mudflats, emergent 





2005) Both river systems typically encounter spring flooding events and decreased river levels 
during summer months which inundate habitat for waterfowl for spring migration and expose 
mudflats for shorebirds during late summer/fall migration (Havera 1999).  Mean temperatures 
during spring migration range from −1° C in February to 11° C in April with mean precipitation 
ranging from 7 to 10 cm (Illinois State Water Survey; isws.illinois.edu). Mean temperatures 
during late summer range from 25° C during July to 23° C during August with mean 
precipitation ranging from 9 to 10 cm (Illinois State Water Survey; isws.illinois.edu).   
METHODS 
Collections and Processing 
Large numbers (≥100) of target species were identified using aerial survey data, ground 
surveillance, and eBird data.  Shorebirds (i.e., killdeer; Charadrius vociferus; least sandpiper, 
Calidris minutilla; lesser yellowlegs, Tringa flavipes; pectoral sandpiper, Calidris melanotos) 
were collected during July–August, 2007–2008 in the Illinois River Valley (Smith et al. 2012). 
Diving ducks (i.e., lesser scaup; Aythya affinis) were collected during February–April 2014–2015 
from the Illinois River Valley and Upper Mississippi River Valley (Hagy et al. 2015, England et 
al. 2016).  Dabbling ducks (green-winged teal, Anas crecca) were collected during February–
April 2016–2018 in the Illinois River Valley.  
All birds were experimentally collected using a shotgun with non-toxic shot during 
diurnal periods (Sheeley and Smith 1989).  Individuals were observed feeding for 5–10 min prior 
to collection to increase the likelihood of ingesta in esophageal samples (Swanson and Bartonek 
1970).  Immediately after collection, food items were restricted to their respective section of the 
digestive tract (e.g., esophagus/proventriculus, gizzard) by placing zip ties at the fore end of the 





and Bartonek 1970, Smith et al. 2012, England et al. 2016).  Additionally, I injected both organs 
with a 10% buffered formalin solution to preserve food items.  
Digestive tracts were transported to the Forbes Biological Station for processing.  
Dabbling duck and diving duck gizzards were frozen until processing which took place within 1 
year of collections.  Shorebird gizzards were stored in formalin at room temperature for up to 5 
years before processing.  I separated upper digestive tracts from the gizzard and analyzed the 
digestive organs separately.  Digestive organs were cut open using scissors and the contents 
washed through a 250 µm-(#60) mesh sieve to remove preservative from diet items.  After 
washing, diet items were transferred to a petri dish and identified to the lowest practical 
taxonomic classification using a dissecting microscope.  I enumerated, dried at 60° C for no 
more than 24 hr, and weighed items to the nearest 0.1 mg for subsequent analysis (Swanson et al. 
1974).  I limited analysis of shorebird bias to occurrence (count) of diet items in case there was 
an effect of formalin on the biomass of shorebird gizzard contents after the large time period 
between collection and processing (Mills et al. 1982).  
Data Analysis 
I evaluated potential effects of sample type (i.e., esophagus, gizzard, combined 
esophagus+gizzard samples) and guild (i.e., dabbling duck, diving duck, shorebird) on the 
proportional occurrence and aggregate percent biomass of animal material.  I calculated 
proportional occurrence of animal material by dividing the count of all animal items by the total 
count of all plant and animal items combined.  I calculated aggregate percent biomass by 
dividing the mass of animal material by the total mass of all plant and animal material combined.  
I performed statistical analysis using Program R (version 3.5.2; R Core Development Team 





Bates et al. 2015) describing differences in animal material between sample methods for 
proportional occurrence and proportional biomass data.  I tested the response variables for 
normality and transformed non-normal response variables using a logit transformation (Warton 
and Hui 2011).  I modeled all individual and additive combinations of sample type, guild, species 
nested within guild, and all two-way interactions on proportional occurrence of diet types. I 
designated the individual bird ID as a random effect since I had three measures of sample type 
(gizzard, esophagus, combined) for each individual. My proportional biomass models did not 
include shorebird samples, resulting in models that were limited to dabbling and diving duck 
data. Since both dabbling and diving duck guilds contained only one species, I created a species 
and sample method interaction and additive model combinations.  I included a null (i.e., intercept 
only) model for both data sets and ranked and compared models using Akaike’s Information 
Criterion corrected for small sample size (AICc; Burnham and Anderson 2002).  I calculated 
model weight and considered models within 2 AICc of the top model to be competitive (Arnold 
2010; Burnham et al. 2011).  I also presented beta estimates with 95% confidence intervals, 
model weights (wi), marginal variance (R
2
m), and conditional variance (R
2
c) from the highest-
ranked models (Nakagawa et al. 2017). 
I evaluated differences in proportional occurrence of diet items between gizzard and 
esophageal samples for the three guilds of waterbirds.  I classified animal taxa as hard-shelled 
invertebrates (i.e., Bivalvia, Crustacea, Gastropoda) and soft-bodied invertebrates (i.e., Bryzoa, 
Clitellata, Insecta, Nematoda).  Seeds and tubers were grouped into large (≥2 mm; i.e., 
Polygonum spp., Potamogeton spp., Echinochloa spp.) and small categories (≤1 mm; i.e., 
Ergrostis spp., Cyperus spp., Amaranthus spp.) for analysis due to the importance of seed 





analyses of variance (MANOVA) for each bird guild with 4 diet item groupings as dependent 
variables and sample type (i.e., esophagus, gizzard) as the independent variable.  If MANOVAs 
revealed significant differences (α = 0.05) between waterbird guilds, I tested for differences 
within each guild using an analysis of variance (ANOVA) to discern what category of food items 
displayed significant differences (α = 0.05) in retention between sample types.  
RESULTS 
I analyzed 390 paired gizzard and esophageal samples for dabbling ducks (i.e., green-
winged teal; n = 112), diving ducks (i.e., lesser scaup; n = 101), and shorebirds (n = 177; i.e., 44 
killdeer, 40 least sandpiper, 47 lesser yellowlegs, and 46 pectoral sandpiper).  The best supported 
model explaining the proportional occurrence of invertebrates (wi = 0.91, R
2
m = 0.66, R
2
c = 0.92) 
included an interaction of guild and sample method.  No other models were competitive (Table 
2.1).  The proportion of invertebrates occurring in dabbling duck gizzard and combined samples 
was 94.7% (95% CI = 76.6 – 98.8%) and 39.6% (-86.2 – 164.8%) less than esophageal samples, 
respectively.  Diving duck gizzard and combined samples contained 89.6% (79.8 – 94.7%) and 
83.4% (67.6 – 91.5%) fewer invertebrates than esophageal samples, respectively.  Shorebird 
gizzard and combined samples contained 90.4% (60.0 – 97.7%) and 89.6% (56.7 – 97.5%) fewer 
invertebrates than esophageal samples, respectively.  
The highest-ranked model explaining proportional biomass (wi = 1.00, R
2
m = 0.26, R
2
c = 
0.82) included an interaction of species and sample method.  No other models were competitive 
(Table 2.2).  Green-winged teal gizzard and combined samples contained 97.5% (95% CI = 94.5 
–98.9%) and 63.9% (21.3 – 83.4%) less invertebrate mass than esophageal samples, respectively.  
Lesser scaup gizzard and combined samples contained 97.3% (6.1–97.4%) and 60.9% (53.4 – 





Proportional occurrence of food types in esophageal and gizzard samples differed for 
dabbling ducks (Wilks’ λ = 0.83, F1,219 = 11.04, P < 0.001), diving ducks (Wilks’ λ = 0.93, F1,187 
= 3.70, P = 0.006), and shorebirds (Wilks’ λ = 0.94, F1,349 = 5.54, P < 0.001).  Dabbling duck 
gizzards contained 13.8% (95% CI = 7.9 – 19.6%; P < 0.001) less soft invertebrates, 13.3% (5.9 
– 20.7%; P < 0.001) more large seeds, and 10.5% (0.4 – 20.6%; P = 0.041) more small seeds 
than the esophagus.  I failed to find a difference in the proportion of hard invertebrates (P = 
0.099) between sample types (Fig. 2.1).  Diving duck gizzards contained 14.0% (1.7 – 26.2%; P 
= 0.025) less hard invertebrates, 6.2% (0.4 – 11.9%; P = 0.033) less soft invertebrates, and 
13.0% (3.4 – 22.6%; P = 0.008) more large seeds than the esophagus.  I failed to find a 
difference in the proportional occurrence of small seeds (P = 0.108) between sample types (Fig. 
2.2).  Shorebird gizzards contained 1.1% (0.1 – 2.1%) more large seeds (P = 0.026) and 4.2% 
(2.0 – 6.3%) more small seeds (P < 0.001) than the esophagus.  I failed to detect differences in 
the proportional occurrence of hard invertebrates (P = 0.235) or soft invertebrates (P = 0.567) 
between sample types (Fig. 2.3).  Additionally, I created a list of common diet items and their 
mean proportional occurrence between gizzard and esophagus samples for each guild of 
waterbird (Table 2.3) in effort to show differences in representation for individual diet items. 
DISCUSSION 
The inclusion of food items from gizzards, even when combined with esophageal 
samples, resulted in an overestimation of seed and underestimation of invertebrates in the diets 
of diving ducks, dabbling ducks, and shorebirds.  Thus, diet studies based solely or partially on 
gizzard samples contribute substantial bias and may influence habitat management activities and 
conservation planning models by underrepresenting invertebrate consumption (Bartonek and 





gizzard and combined samples had 40–95% less animal material across all guilds and species as 
compared to esophageal samples.  Use of biased sampling methodologies in diet studies has the 
potential to skew our understanding of the ecology of these wetland-dependent species and bias 
carrying capacity models through erroneous energy supply estimates (Rundle 1982, Callicutt et 
al. 2011, Hagy and Kaminski 2012). 
Less proportional occurrence of animal material in gizzard and combined samples was 
likely a result of digestive enzymes and grinding action of the gizzard (Swanson and Bartonek 
1970).  However, the types of foods consumed can also impact breakdown rates (Swanson and 
Bartonek 1970, Briggs et al. 1985).  Hard seeds may exert additional abrasive action on soft 
foods acting as grit when soft foods dominate the diet (Swanson and Bartonek 1970).  Thus, the 
proportion of soft foods in the gizzard partially depends on the size and amount of grit and hard 
food present (Briggs et al. 1985).  In support of this notion, relative to dabbling and diving 
ducks, shorebirds retained more animal material in gizzard samples, reflecting their invertebrate-
dominated diet.  Additionally, all guilds had greater proportions of large seeds in their gizzard 
samples than esophageal samples, while duck guilds contained more soft-bodied invertebrates in 
esophageal samples (Swanson and Bartonek 1970, Rundle 1982).  Additionally, shorebird diets 
had almost exclusively hard-bodied invertebrates in gizzard samples.  
Breakdown rate of seeds may vary depending on size, hardness, and the length of time 
they are exposed to moisture prior to consumption (Swanson and Bartonek 1970, Soons et al. 
2008, Kleyheeg et al. 2018).  In fact, the size and resistance of seeds to breakdown may be an 
adaptive trait of the plant to promote seed dispersal by waterbirds via endozoochory (Kleyheeg et 
al. 2018).  Small seeds pass through the digestive system quicker than large seeds and spend less 





germinate (Soons et al. 2008).  The slower rate of passage for large seeds may have caused 
greater retention rates in the gizzard in all three waterbird guilds in my study.  
Sampling bias resulting from differential breakdown rates of food items is not limited to 
waterbirds.  Gartshore et al. (1979) reported rapid digestion of invertebrates compared to seeds in 
red-winged blackbirds (Agelaius phoeniceus).  Custer and Pitelka (1975) found differences in 
breakdown rates of diet items in snow buntings (Plectrophenax nivalis) with starved individuals 
breaking down items faster than non-starved individuals.  Experiments on northern bobwhite 
quail (Colinus virginianus) revealed differential digestion rates of plant material when using 
gizzard samples (Jensen and Korschgen 1947).  Moreover, diet sampling of whitefish 
(Coregonus albula and C. lavaretus) exhibited sampling bias with Sutela and Huusko (2000) 
finding that fish digested zooplankton prey differently depending on hardness of the prey body. 
 Studies of food use should use methods that minimize bias to obtain the most accurate 
depiction of use for the species of interest (Swanson and Bartonek 1970, Swanson et al. 1974, 
Sheeley and Smith 1989, Callicutt et al. 2011).  Future food-use studies should limit analysis to 
experimentally collected individuals to avoid bias in diet composition and harvesting individuals 
in poor condition (Greenwood et al. 1986, Sheeley and Smith 1989, Heitmeyer et al. 1993).  Diet 
items need to be preserved immediately after collection to prevent the effects of postmortem 
digestion on invertebrate materials (Swanson and Bartonek 1970).  Quantifying diet components 
by weight rather than volume limits bias when relative fullness of an individual is unknown 
(Swanson et al. 1974).  Lastly, esophageal sampling is the preferred method for diet analysis in 
some avian guilds and can reveal a more accurate depiction of true diet composition (Swanson 
and Bartonek 1970, Rundle 1982).  Diet analysis is an important methodology for understanding 





unbiased accounts of food use and initiate studies using proper methodology on those species 
(Callicutt et al. 2011).   
MANAGEMENT IMPLICATIONS 
Researchers should avoid making management recommendations based on inferences of 
food selection from food-use analysis derived from gizzard samples due to negative bias 
associated with digestion rates of invertebrates.  Future food-use studies should use only 
esophageal contents for diet analysis where food selection is a goal, as well as follow unbiased 
collection and processing methods to mitigate other sources of potential bias.  Additionally, the 
results of previous studies that employed biased methodologies should be interpreted with 
caution and an understanding of how those methods could impact the findings.  
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Table 2.1.  Model selection results including the number of parameters (K), model weights (wi), 
marginal variance (R2m), conditional variance (R
2
c), second order Akaike’s information criterion 
(AICc), and the difference in AIC from the top model (ΔAICc) for linear mixed effects models 
that examined variation in the proportional occurrence of animal material with respect to 
sampling method (gizzard, esophagus, combined) guild of waterbird (dabbling duck, diving 
duck, shorebird), and species (green-winged teal [Anas crecca], lesser scaup [Aythya affinis], 
killdeer [Charadrius vociferus], least sandpiper [Calidris minutilla], lesser yellowleg [Tringa 
flavipes], and pectoral sandpiper, [Calidris melanotos]) with individual bird identifier as the 
random effect.   
Model  K AICc ΔAICc wi R2m R2c 
Sample+Guild+Sample*Guild 11 -450.93 0.00 1.00 0.66 0.92 
Nested 14 -432.16 18.77 0.00 0.66 0.92 
Sample+Guild 7 -426.79 24.14 0.00 0.65 0.91 
Sample+Species 10 -408.06 42.87 0.00 0.65 0.91 
Sample+Species+Sample*Species 20 -394.31 56.62 0.00 0.66 0.92 







Table 2.2.  Model selection results including the number of parameters (K), model weights (wi), 
marginal variance (R2m), conditional variance (R
2
c), second order Akaike’s information criterion 
(AICc), and the difference in AIC from the top model (ΔAICc) for linear mixed effects models 
that examined variation in the aggregate percent biomass of animal material with respect to 
sampling method (gizzard, esophagus, combined) and species of (green-winged teal [Anas 
crecca] and lesser scaup [Aythya affinis]) with individual bird identifier as the random effect.   
Model  K AICc ΔAICc wi R2m R2c 
Sample+Species+Sample*Species 8 3535.69 0.00 1.00 0.26 0.82 
Sample+Species 6 3548.39 12.70 0.00 0.25 0.81 







Table 2.3.  Mean proportional occurrence of seeds and aquatic macroinverterbates in gizzard and 
esophageal (Esoph.) samples from dabbling ducks (green-winged teal, Anas crecca), diving ducks 
(lesser scaup, Aythya affinis), and shorebirds (killdeer; Charadrius vociferus; least sandpiper, 
Calidris minutilla; lesser yellowlegs, Tringa flavipes; pectoral sandpiper, Calidris melanotos) 
collected in the Illinois and Upper Mississippi River Valleys during 2007–2018.  
 Dabbling Duck Diving Duck Shorebird 
  Gizzard Esoph. Gizzard Esoph. Gizzard Esoph. 
Seeds       
Cyperus spp. 36.2 28.3 21.3 16.0 4.5 0.6 
Polygonum spp. 15.6 5.7 12.1 2.8 1.1 0.0 
Potamogeton spp. 5.5 3.0 10.1 7.6 0.0 0.0 
Amaranthus spp. 9.4 8.0 1.5 2.4 0.1 0.0 
Ammannia spp. 4.8 8.1 0.0 0.0 0.0 0.0 
Echinochloa spp. 1.2 0.3 6.3 5.7 0.3 0.0 
Panicum spp. 4.5 4.6 0.0 0.1 0.0 0.0 
Eleocharis spp. 4.3 3.9 0.1 0.3 0.0 0.0 
Invertebrates       
Chironomidae 0.2 2.6 1.3 2.9 36.3 13.5 
Coleoptera 0.0 0.0 0.2 0.1 25.9 18.2 
Diptera 0.2 0.1 0.1 0.0 9.7 27.2 
Gastropoda 0.0 0.1 20.7 18.5 2.1 1.0 
Nematoda 0.1 0.9 0.0 0.0 0.2 16.8 
Ostracoda 1.1 3.7 0.3 3.0 2.8 7.3 
Hemiptera 0.0 0.1 0.2 0.1 3.9 6.5 
Unknown Invert 0.0 0.0 0.4 3.1 5.9 0.6 
Oligochaeta 1.1 10.8 0.3 0.0 0.1 2.5 
Isopoda 0.0 0.0 0.0 2.2 2.6 1.8 
Sphaeriidae 0.0 0.1 2.9 7.0 0.1 0.0 







Figure 2.1.  Proportional occurrence of diet item groups (hard and soft inverts, large and small 
seeds) between dabbling duck (i.e., green-winged teal; Anas crecca) esophageal (EP) and gizzard 






Figure 2.2.  Proportional occurrence of diet item groups (hard and soft inverts, large and small 
seeds) between diving duck (i.e., lesser scaup; Aythya affinis) esophageal (EP) and gizzard (GZ) 
samples collected in the Illinois and Upper Mississippi River Valleys during February–April 2014 






Figure 2.3.  Proportional occurrence of diet item groups (hard and soft inverts, large and small 
seeds) between shorebird (i.e., killdeer; Charadrius vociferus; least sandpiper, Calidris minutilla; 
lesser yellowlegs, Tringa flavipes; pectoral sandpiper, Calidris melanotos) esophageal (EP) and 
gizzard (GZ) samples collected in the Illinois River Valley during July–August 2007–2008.   
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Body condition of spring-migrating Green-winged Teal
(Anas crecca)
Samuel T. Klimas, Joshua M. Osborn, Douglas C. Osborne, Joseph D. Lancaster, Christopher N. Jacques,
Aaron P. Yetter, and Heath M. Hagy
Abstract: Spring migration is an energetically demanding event that can impact nutrient dynamics of individuals during the
breeding season through carry-over effects. Limited food availability at spring stopover areas may have cross-seasonal effects that
adversely impact waterfowl populations. We collected 161 Green-winged Teal (Anas crecca Linnaeus, 1758; hereafter Teal) through-
out the Illinois River Valley, USA, during February–April of 2016–2018 and estimated body condition using three condition
indices (scaled mass index, scaled wing index, body-size index) for comparison with carcass lipid and protein values. Lipids were
18.3% (95% CI = 1.0%–38.5%) and 21.6% (95% CI = 4.8%–41.0%) greater at locations with moderate (250–600 kg/ha) and high
(>600 kg/ha) moist-soil seed densities, respectively, than low moist-seed density (<250 kg/ha) sites. Lipids also increased 2.4%
(95% CI = 0.2%–5.1%) with every 10% increase in the proportion of plant seeds in diets and decreased 0.9% (SE = 0.4%–1.4%) and 3.8%
(SE = 2.1%–5.4%) with every 1-day increase in collection date and 1 °C rise in mean temperature, respectively. Condition indices
based on morphology were poor (r ≤ 0.45) predictors of lipids and led to potentially erroneous conclusions regarding important
contributions to body condition. Availability of emergent wetlands with adequate food resources may affect lipid reserves of Teal
during spring migration and have cross-seasonal effects during the breeding season.
Key words: Anas crecca, Green-winged Teal, body condition, food availability, Illinois, proximate analysis, spring migration.
Résumé : La migration printanière est un évènement exigeant du point de vue énergétique qui peut avoir une incidence sur la
dynamique des nutriments des individus durant la période de reproduction, par l’entremise d’effets reportés. Une faible
disponibilité de nourriture dans les aires de repos printanières pourrait avoir des effets inter-saisonniers qui ont une incidence
négative sur les populations de sauvagine. Nous avons prélevé 161 sarcelles d’hiver (Anas crecca Linnaeus, 1758; ci-après « sarcelle »)
à la grandeur de la vallée de la rivière Illinois (États-Unis) de février à avril 2016 à 2018 et estimé leur embonpoint en utilisant trois
indices d’embonpoint (indice de masse mise à l’échelle, indice des ailes mises à l’échelle et indice de taille du corps) à des fins de
comparaison avec les contenus en lipides et en protéines des carcasses. Les contenus en lipides étaient 18,3% (IC 95 % = 1,0 % –
38,5 %) et 21,6% (IC 95 % = 4,8 % – 41,0 %) plus grands dans les endroits caractérisés par des densités de graines dans le sol humide
modérées (250–600 kg/ha) et élevées (>600 kg/ha), respectivement, que dans les sites de faible densité (<250 kg/ha). Les lipides
augmentaient aussi de 2,4 % (IC 95 % = 0,2 % – 5,1 %) pour chaque augmentation de 10% de la proportion de graines de plantes dans
les régimes alimentaires et diminuaient de 0,9 % (ET = 0,4 % – 1,4 %) et 3,8 % (ET = 2,1 % – 5,4 %) pour chaque augmentation d’une
journée de la date de prélèvement et de 1 °C de la température moyenne, respectivement. Les indices d’embonpoint basés sur la
morphologie étaient de mauvais prédicteurs (r ≤ 0,45) des contenus en lipides et menaient à des conclusions potentiellement
erronées concernant d’importantes contributions à l’embonpoint. La disponibilité de milieux humides émergents offrant des
ressources de nourriture adéquates pourrait avoir une incidence sur les réserves de lipides des sarcelles durant la migration
printanière et des effets inter-saisonniers durant la période de reproduction. [Traduit par la Rédaction]
Mots-clés : Anas crecca, sarcelle d’hiver, embonpoint, disponibilité de nourriture, Illinois, analyse immédiate, migration printanière.
Introduction
Migration is a critical period for long-distance migratory birds
due to energetic demands of flight, courtship, pair bonding, and
nutrient deposition coinciding with extreme environmental sto-
chasticity and probable food shortages (Klaassen 2003; Arzel et al.
2006, 2007; Straub et al. 2012; Janke et al. 2019). During migration
periods, body condition (i.e., carcass lipid and protein levels that
influence survival and recruitment) can vary with factors such as
diet (McLandress and Raveling 1981; Perry et al. 1986; Euliss et al.
1997; Barboza and Jorde 2002; Lovvorn et al. 2003; Arzel et al.
2009), season (Tamisier et al. 1995; Guillemain et al. 2005), and
locations (Reinecke et al. 1982; Miller 1986; Gammonley and
Heitmeyer 1990; Rave and Baldassarre 1991; English et al. 2018).
Moreover, body condition can influence susceptibility to disease
(Arsnoe et al. 2011; Merrill et al. 2018) or breeding initiation and
subsequent reproductive success (Esler and Grand 1994; Barboza
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and Jorde 2002; Devries et al. 2008). Body composition during the
non-breeding period has been hypothesized to be regulated by
endogenous mechanisms (Loesch and Kaminski 1989; Thompson
and Baldassarre 1990), influenced by external factors like temper-
ature or food availability or quality (Owen and Cook 1977; Anteau
and Afton 2008; Arzel et al. 2009; Stafford et al. 2014), or both
temperature and food availability or quality (Baldassarre et al.
1986; Smith and Sheeley 1993). However, it is still unclear if the
variation in body condition of many species during migration
periods is related to habitat characteristic at stopover sites, which
can be affected by management actions.
Food availability is assumed a predominant factor limiting pop-
ulations of many wetland-dependent species of migratory birds
outside of the breeding season (Soulliere et al. 2007, 2012; Arzel
et al. 2009). During the non-breeding period, food availability is
dynamic due to consumption and competition, plant senescence,
granivory, decomposition, and many other factors (Brasher et al.
2007; Arzel et al. 2009; Greer et al. 2009; Hagy and Kaminski 2012;
Straub et al. 2012). Janke et al. (2019) reported an influence of
annual temperature differences and food use on lipid and protein
reserves in Lesser Scaup (Aythya affinis (Eyton, 1838)) and Blue-
winged Teal (Spatula discors (Linnaeus, 1766)) during spring migra-
tion. Adverse weather (e.g., ice, snow) can reduce accessibility of
food resources for early-spring migrants (Stafford et al. 2014), and
ambient temperatures below lower critical temperature may
increase thermoregulatory costs (Hepp 1985). Additionally, de-
creases in wetland and forage quality have negative implications
for maintaining ample nutrient stores for spring-migrating water-
fowl (Anteau and Afton 2008, 2009).
Although recent efforts have been made to better understand
dynamics of wetland conditions relative to needs of spring-
migrating waterfowl (Anteau and Afton 2004; Straub et al. 2012;
Hagy et al. 2017; Blake-Bradshaw 2018; Janke et al. 2019), substan-
tial information gaps regarding demographic implications of this
period for waterfowl populations continue to hinder manage-
ment (Arzel et al. 2006; Stafford et al. 2014). Despite these infor-
mation gaps, there appears to be a clear link between nutrient
reserves acquired during winter–spring periods and subsequent
reproductive success for some species (Devries et al. 2008;
Guillemain et al. 2008; Sedinger and Alisauskas 2014). Body con-
dition during spring migration has been evaluated in geese
(Ebbinge and Spaans 1995; Tombre et al. 1996; Bêty et al. 2003),
diving ducks (Gammonley and Heitmeyer 1990; Anteau and Afton
2004, 2009), and dabbling ducks (Tamisier et al. 1995; Guillemain
et al. 2005; Arzel et al. 2009; Janke et al. 2019), but the linkage
between various body condition indices and habitat quality (e.g.,
food abundance) is still unclear. Currently, conservation planners
assume that waterfowl arriving on the breeding grounds in better
condition are able to access and secure the best resources, spend
less time acquiring resources for egg production or egg incuba-
tion, and nest earlier, which is generally correlated with greater
nest success and recruitment (Rohwer 1992; Elmberg et al. 2005).
Although many techniques have been used to index body con-
dition (Johnson et al. 1985; Ringelman and Szymczak 1985;
Jamieson et al. 2006; Peig and Green 2009; Arsnoe et al. 2011),
proximate analysis provides an ultimate measure of carcass com-
position (i.e., lipid, protein, ash; Brown 1996) and likely provides
the best index of body condition in terms of reproductive poten-
tial (Alisauskas and Ankney 1985; Ankney and Afton 1988; Ankney
et al. 1991). Lipid reserves are an optimal fuel source for avian
migration and have been shown to provide the best indicator of
condition during migration (Jenni and Jenni-Eiermann 1998). Un-
fortunately, proximate analysis is destructive, requiring lethal
collection of specimens. Thus, non-destructive methods increase
efficiency, reduce costs, and are widely applicable and practical
for free-ranging species (Johnson et al. 1985; Brown 1996). How-
ever, there is no prevailing method for non-destructive mass-
based indices of body condition in avian research (Brown 1996),
and a wide variety of models have been developed to exploit the
allometric relationship between body mass and external struc-
tures (e.g., wing chord; Johnson et al. 1985; Brown 1996; Hine et al.
1996; Peig and Green 2010). Many scientists rely on these morpho-
logical indices without verification for species of interest, and
proximate analysis provides an opportunity to validate morpho-
logical condition indices (Jamieson et al. 2006).
The Green-winged Teal (Anas crecca Linnaeus, 1758; hereafter
Teal) is the smallest species of dabbling duck in North America
(Baldassarre 2014) and are abundant during spring in the Midwest,
USA (Havera 1999; Horath et al. 2005). Small waterfowl (e.g., Teal)
are unable to carry sufficient endogenous resources during migra-
tion and are reliant on food at stopover locations to restore body
condition and fuel subsequent migratory movements (Klaassen
et al. 2006; Arzel et al. 2007). Thus, our study objectives were to
(i) identify factors influencing body condition of Teal at stopover
locations and (ii) test several morphological indices of body con-
dition during spring migration through the Midwest. We hypoth-
esized that Teal are limited by their ability to replenish lipid
reserves at spring stopover locations, and as such, body condition
(i.e., proteins and lipids) should vary positively with food density
at collection sites and high-energy diets (e.g., plant seeds). Further-
more, we predicted that body condition would vary positively
with temperature, precipitation, and collection date during spring
migration. Our study will assist managers in identifying charac-




We collected Teal on federal, state, and privately owned wet-
lands within the Alton, La Grange, and Peoria reaches of the Illi-
nois River (river miles 0–231, where 1 mile = 1.6 km; Fig. 1). The
Illinois River floodplain contains 74 000 ha of diverse waterfowl
habitat including open water, submersed aquatic vegetation,
mudflats, emergent marsh (moist soil), forested wetlands, and
flooded agricultural impoundments (Low and Bellrose 1944;
Havera 1999; Bowyer et al. 2005). These reaches of the Illinois
River have a wide floodplain with low gradient and soft substrates
(Mills et al. 1966). The Upper Mississippi River Great Lakes Region
Joint Venture (UMRGLRJV) and North American Waterfowl Man-
agement Plan (NAWMP) recognize the Illinois River Valley (IRV) as
an area of continental significance to ducks, geese, and swans
(NAWMP Committee 2012; Soulliere et al. 2017).
Collection and field processing
We located wetlands used as stopover sites by Teal through
ground surveillance and aerial waterfowl surveys during February–
April of 2016–2018. We selected collection sites based on accessi-
bility, consistent presence and foraging by Teal, and presence of
physical structures (e.g., levees, ditches, emergent vegetation)
used for concealment in collection. We observed Teal foraging for
≥10 min to increase likelihood of ingesta (Swanson and Bartonek
1970) and lethally collected Teal using a shotgun. Immediately
after collection we obtained a wet carcass mass (±10 g) with a
Pesola® spring scale, classified Teal by age and sex from wingplumage (Carney 1992), recorded morphometric measurements
(i.e., wing chord, culmen length, keel length, tarsus length, total
body length (±1 mm)), and preserved food items in upper digestive
tracts (i.e., proventriculus and esophagus) following methods of
Swanson and Bartonek (1970). Specifically, we preserved food
items by injecting the upper digestive tract with 10% formalin
solution stained with Rose Bengal and attached zip ties at the
anterior of the esophagus and posterior of the proventriculus and
gizzard within 5 min of collection. Thereafter, we removed and
stored the upper gastrointestinal tract in a 10% formalin solution.
Teal were plucked by hand (2016–2017) or with a commercial
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plucker (2018; Travel Do-It-Yourself Gas Plucker, The Fowl Plucker,
West Linn, Oregon, USA). The carcass and upper gastrointestinal
tract were then frozen (–18 °C) until processing (30–130 days).
Following Teal collection, we sampled benthic and nektonic
foods at random locations within 3 m of collection locations to
quantify density (kg/ha) of plant seeds, invertebrates, and other
waterfowl foods where Teal foraged. We collected and homoge-
nized three core samples (5 cm diameter × 10 cm depth; Rickly
Universal Core Sampler, Rickly Hydrological Company, Colum-
bus, Ohio, USA) in a 500 m (#35 sieve) mesh sieve bucket in the
field to partially remove debris and soils, and preserved remain-
ing homogenate in a 10% formalin solution stained with Rose
Bengal until processing (60–160 days). Avian collection methods
were approved by University of Illinois Institutional Animal Care
and Use Committee Protocol (15032), U.S. Fish and Wildlife Service
Scientific Collection Permit (MB145466-4, MB145466-0, MB145466-2),
Illinois Department of Natural Resources Scientific Collecting
(W16.4071, W17.6079, W18.6079) and Research (SS16-030, SS17-030,
SS18-030) permits.
Laboratory processing
Upper digestive tracts were thawed and contents were rinsed
through a 250 m (#60) mesh sieve; the captured material was
placed in a petri dish and sorted to the lowest practical taxonomic
classification using a dissecting microscope. Following removal of
ingesta, upper digestive tracts were re-frozen and matched with
carcasses until proximate analysis (<180 days). We identified and
enumerated food items, dried at 60 °C for ≤24 h, and weighed to
the nearest 0.1 mg (Swanson et al. 1974; Anderson et al. 2000). Core
samples were soaked in hydrogen peroxide for ≤2 min (Hagy and
McKnight 2016) and rinsed through a 500 m (#35) mesh sieve to
remove preservatives and soil, air-dried for >24 h, and hand-
picked for invertebrates and seeds using a dissecting microscope.
Food taxa were sorted to the lowest practical taxonomic classifi-
cation, enumerated, dried to constant mass, and weighed using
published protocols (Hagy and Kaminski 2012). We subsampled
(25%) contents with abundant food items (>500) to reduce process-
ing time and labor costs (Hagy et al. 2011; Livolsi et al. 2014).
Proximate analysis
Carcasses were thawed, weighed (±0.1 g; carcass wet mass), and
cut into small pieces, dried at 80 °C to a constant mass, and re-
weighed (carcass dry mass). Dried tissues were ground to a fine
powder (homogenate) in a two-step process using a commercial
blender (Vitamix XL, Vitamix, Cleveland, Ohio, USA) and then a
coffee grinder. A 1.0–2.0 g aliquot of homogenate was placed in an
Ankom filter bag (Ankom Technology, Macedon, New York, USA),
heat-sealed, and weighed (±0.1 mg). We then used an Ankom XT15
Lipid Extractor to extract lipids. Following lipid extraction, we
reweighed filter bags to obtain lean sample mass. We transferred
the lean dry homogenate to a crucible and burned in a muffle
furnace for 12 h at 550 °C before weighing to obtain dry ash mass
(Alisauskas 1988). We extrapolated sample mass to carcass mass
by multiplying the inverse of the proportion of carcass mass rep-
resented by each original homogenate aliquot. We calculated to-
tal carcass water as the difference between wet carcass mass and
dry carcass mass, total carcass lipids as the difference between dry
carcass mass and lean carcass dry mass, and total carcass protein
as the difference between lean carcass dry mass and dry ash mass.
In 2017, 34 of 42 Teal carcasses were analyzed without their re-
spective esophagus tissues. To correct for this error, we combined
the 34 esophageal tissues and conducted proximate analysis as
described above on the amalgamated samples (17.9 g, 97% pro-
tein), added the mean (0.5 g/sample) to each protein sample, and
recalculated the protein proportion.
Data analyses
We evaluated potential effects of extrinsic (i.e., location, tim-
ing, weather, wetland connectivity, river stage, and food availabil-
ity) and intrinsic (i.e., diet composition and diet mass) factors to
explain variation in body condition of Teal during spring migra-
tion. We classified Teal by general geographic collection location,
day of year (DOY), and migration period. For migration period, we
identified the mean peak spring migration date (15 March) for
Teal in the IRV using eBird data and classified collections as early
(<15 March) or late (≥15 March). We categorized floodplain con-
nectivity with the mainstem river as (i) directly connected or in-
fluenced by the Illinois River below flood stage (connected),
(ii) influenced by the river at or above moderate flood stage (par-
tially connected), and (iii) disconnected via surface water and
mostly uninfluenced by the Illinois River (isolated) (Lemke et al.
2017). Backwater flooding during migratory periods created by
above mean river levels can be beneficial to migrating waterfowl
by inundating otherwise inaccessible food resources (Heitmeyer
2006; Greer et al. 2007). Thus, we included river level, which was
calculated by subtracting the flood stage value from the mean
river level on the day of collection at the nearest river gauge to the
collection site (Grafton, Beardstown, Havana, Henry) yielding a
Fig. 1. Collection locations of foraging Green-winged Teal (Anas
crecca) during spring migration in the Illinois River Valley, Illinois,
USA, during February–April of 2016–2018: (1) Two Rivers National
Wildlife Refuge (NWR); (2) Mississippi River State Fish and Wildlife
Area (SFWA); (3) Sanganois SFWA; (4) Anderson Lake SFWA; (5) Sand
Lake; (6) Emiquon NWR; (7) Emiquon Preserve; (8) Quiver Creek;
(9) Chautauqua NWR; (10) Rice Lake SFWA; (11) Spring Lake SFWA;
(12) Marshall SFWA; (13) Wightman Lake; (14) Swan Lake Club. Map
data: Illinois Natural Resources Geospatial Data Clearinghouse,
Illinois State Geological Survey; available from https://clearinghouse.
isgs.illinois.edu/ (1987 National Wetland Inventory in Illinois; accessed
15 January 2019). Color version online.
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river-level value relative to flood stage for each collection. Food
availability was categorized as low (<250 kg/ha), moderate (250–
600 kg/ha), or high (>600 kg/ha) from core samples taken at col-
lection sites (Hagy and Kaminski 2015). To evaluate potential
effects of temperature and precipitation on carcass components,
we averaged mean temperatures and precipitation values from
the National Oceanic and Atmospheric Administration National
Centers for Environmental Information (available from https://
www.ncdc.noaa.gov) for 7 days prior to each collection using data
from the nearest weather station (Peoria, Illinois, USA — General
Wayne A. Downing International Airport; Springfield, Illinois,
USA — Abraham Lincoln Capital Airport; St. Louis, Missouri,
USA — Lambert International Airport). Lastly, we investigated
effects of diet amount and composition on body condition. We
incorporated the overall mass of diet items in the upper gastro-
intestinal tract of each bird. We categorized diet contents into
plant and animal material and generated proportions of plant
material for each diet.
We performed statistical analysis using program R version 3.5.2
(R Core Team 2018). We tested independent variables for correla-
tion a priori, and if correlated (r > |0.5|), we modeled the superior
explanatory variable of carcass composition. We constructed two
models of factors influencing carcass lipid and carcass protein
using general linear mixed-effects models using the package
“lme4” (Bates et al. 2015). We logit-transformed response variables
to keep our prediction values between 0 and 1 and evaluated the
global model for each including age, sex, year, DOY, migratory
period, mean temperature, connectivity, precipitation, river level,
diet mass, proportion of plant material in diet, core rank, and
interactions year × DOY and year × mean temperature. As plant
and animal proportions in the diet were not independent, we
used the proportion of plant material due to high use by spring-
migrating ducks in previous studies of food habits (Smith 2007;
Hitchcock 2009). We included collection location as a random
effect to account for natural variability among sites. We used
backwards stepwise elimination of independent variables until
our model contained only variables explaining significant
(P < 0.05) variation in the dependent variable (Jamieson et al.
2006).
Condition indices
We used morphometric measurements of Teal to estimate lipid
content using three non-destructive condition indices: a scaled
wing index (SWI) (Johnson et al. 1985), a scaled mass index (SMI)
(Peig and Green 2009), and a body-size index (BSI) (Devries et al.
2008; Arsnoe et al. 2011). We calculated the SWI as a ratio of
mass (g) over wing chord (mm). We determined the most parsimo-
nious denominator variable through independent least-squares
regressions of length variables (wing chord, tarsus, total body)
against body mass, and selected the variable with the highest
correlation (Johnson et al. 1985). The SMI standardizes body mass
to a chosen linear measurement based on the scaling relationship
between mass and chosen length using the equation:
SMI  MiL0Li 
bSMA
where Mi and Li are the body mass and chosen linear measure-
ment, respectively, of the ith individual; bSMA is the scaling ex-
ponent estimated by the standardized major axis (SMA) regression
of ln(Mi) on ln(Li); L0 is an arbitrary value of L (e.g., the arithmetic
mean value for the study population); and SMI is the predicted
body mass for individual i when the linear body measure was
standardized to L0 (Peig and Green 2009). Our best individual mor-
phometric predictor of body mass for use in SMI and SWI was
wing chord (r2 = 0.26), which outfit keel, total body, tarsus, and
culmen lengths (Table 1). We used mean wing chord (177.7 mm) as
L0 and bSMA (2.52) value from the regression to calculate an SMI
value for all Teal using the above equation from Peig and Green
(2009). Lastly, we calculated size-corrected body condition (BSI)
from a principle components analysis of morphometric measure-
ments of Teal. Specifically, we estimated variation in lipid stores
by adding mean wet body mass to the residual from an ordinary
least-squares regression of body mass against size, where size was
calculated as the first principal component (PC1) of total body,
wing chord, tarsus, keel, and culmen lengths (Arsnoe et al. 2011;
Yetter et al. 2018). PC1 explained 46.3% of the variation associated
with structural measurements of Teal. We regressed each index
against percent lipid values (scaled percent lipid for the SMI) from
proximate analysis and used linear models to determine how cor-
related each index was to our derived lipid estimates.
We examined the impacts of using the SMI versus empirical
lipid measurement on the suite of endogenous and exogenous
factors impacting lipid levels in Teal. Specifically, we repeated the
mixed-effect linear modeling exercise approach above with SMI as
the dependent variable. We started with the same global model
and used backwards stepwise elimination of independent vari-
ables (P < 0.05) to determine if the condition index yielded similar
results as our previous lipid-based models.
Results
We collected 161 Teal (91 adults (85 males, 6 females) and
70 juveniles (33 males, 37 females)) during 22 February to 10 April
of 2016–2018 at 13 wetland complexes along the Illinois River. Due
to the small sample size of adult females, we did not test for an
interaction of age and sex in our analyses. Mean (±SE) male carcass
lipid was 31.9% ± 0.7% (range = 11.5%–49.0%) and mean (±SE) female
carcass lipid was 28.4% ± 1.2% (range = 8.2%–42.7%). Mean (±SE)
juvenile carcass lipid was 30.4% ± 1.0% (range = 9.1%–46.1%),
whereas mean (±SE) adult carcass lipid was 31.5% ±0.8% (range =
8.2%–49.0%). Mean (±SE) carcass lipid was 31.0% ± 0.6% (range =
8.2%–49.0%) of dry body mass across age and sex classes.
Carcass lipid was best explained (marginal r2 = 0.28; conditional
r2 = 0.36) by DOY (F[1,160] = 12.02, P < 0.001), mean temperature
(F[1,160] = 18.94, P < 0.001), proportion of dietary plant material
(F[1,152] = 4.79, P = 0.030), food availability (F[2,152] = 4.02, P = 0.020),
and sex (F[1,160] = 4.51, P = 0.030). Carcass lipids were 0.9% (95% CI =
0.4%–1.4%) less per day during the collection period (Fig. 2a). For
every 1 °C rise in temperature, carcass lipids were 3.8% (95% CI =
2.1%–5.4%) less (Fig. 2b). A 10% increase in the proportion of dietary
plant material was associated with a 2.4% (95% CI = 0.2%–5.1%)
increase in carcass lipids (Fig. 2c). Carcass lipids were 18.3%
(95% CI = 1.0%–38.5%) and 21.6% (95% CI = 4.8%–41.0%) greater at
collection sites with moderate and high moist-soil seed densities,
respectively, relative to collection sites with low moist-soil density
(Fig. 2d). Males had 15.1% (95% CI = 1.1%–31.1%) more carcass lipids
than females during spring (Figs. 2a, 2b, 2c).
Protein values were less variable than carcass lipids and ranged
from 78.6% to 86.8% of lean dry mass with a mean (±SE) of 83.6% ±
0.1%. The final model for protein included only year (F[2,159] = 32.68,
P < 0.001) as a predictor (marginal r2 = 0.30; conditional r2 = 0.32).
Table 1. Results of regression of morphological measurements
against total body mass to predict body condition for collected Green-
winged Teal (Anas crecca) in the Illinois River Valley, Illinois, USA,
during February–April of 2016–2018.
Morphometric measure r2 df F P
Wing chord 0.26 1, 159 53.9 <0.001
Keel length 0.25 1, 157 52.2 <0.001
Total body length 0.23 1, 153 48.0 <0.001
Tarsus length 0.21 1, 158 42.7 <0.001
Culmen length 0.19 1, 159 39.1 <0.001
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Protein was 8.0% (95% CI = 4.0%–12.2%) and 14.7% (95% CI = 11.0%–
18.6%) greater during 2017 and 2018, respectively, than in 2016.
Correlation between carcass lipids and non-destructive condi-
tion indices was greatest with the SWI (r[159] = 0.25), followed by
the SMI (r[159] = 0.17) and the BSI (r[141] = 0.17). However, following
recommendations of Peig and Green (2009), we also compared the
SMI against scaled percent lipids because many body components
(e.g., lipids, protein, water) are known to be correlated with body
size. Correlation between SMI and scaled lipids (r[159] = 0.45) was
greater than the other condition indices.
Model results of the suite of endogenous and exogenous factors
influencing the SMI were different than those predicting carcass
lipid content. The SMI value was best explained (marginal r2 =
0.20; conditional r2 = 0.21) by year (F[2,141] = 10.31, P < 0.001) and
total mass of items in diets (F[1,142] = 7.72, P = 0.006), but not by
DOY, mean temperature, proportion of dietary plant material,
food availability, or sex.
Discussion
Early-spring migrants had greater lipid reserves than late-
spring migrants, which suggest that food resources in the Mid-
west may be insufficient for replenishing nutrient reserves
(Straub et al. 2012). Yetter et al. (2017) and Williams (2018) reported
Teal stopover duration of 17–19 days in the Illinois and Wabash
river valleys, respectively, and lengthy stopover times coupled
with decreasing lipid reserves of Teal across spring migration may
be indicative of poor foraging habitats during spring migration in
the Midwest (Hagy et al. 2014, 2017). If Teal were encountering a
food-rich environment, then we would have expected to see in-
creasing lipid levels during mid-spring and late spring as Teal
neared the end of their stopover period, similar to Mallards (Anas
platyrhynchos Linnaeus, 1758) and Blue-winged Teal in Iowa (USA)
and Nebraska (USA), respectively (Lagrange and Dinsmore 1988;
Tidwell 2010). Casady (2013) found that lipid levels of Northern
Pintail (Anas acuta Linnaeus, 1758) decreased during spring migra-
tion in the Rainwater Basin of Nebraska and attributed differ-
ences to migration strategy. However, given insufficient food
availability to support spring-migrating waterfowl in 90% of years
in the Rainwater Basin of Nebraska, poor lipid levels in Northern
Pintails recorded by Casady (2013) may be a similar result of inad-
equate food availability at stopover sites as seen in our Teal in the
Midwest (Straub et al. 2012). Arriving early at stopover locations in
good condition might allow birds to stay for shorter duration,
minimize energy depletion, and depart for breeding areas earlier
(Newton 2006), which can result in earlier nest initiation, greater
nest success, and increased survival (Raveling and Heitmeyer
1989; Elmberg et al. 2005; Drent et al. 2006; Devries et al. 2008).
However, previous research in the Midwest has not demonstrated
a relationship between stopover duration and arrival date (Yetter
et al. 2017; Williams 2018). Thus, we suspect that declining lipid
reserves in late spring and the association of food density with
lipid levels were indicative of birds arriving with depleted lipid
Fig. 2. Results of linear mixed-effects model for variation in percent carcass lipid values for Green-winged Teal (Anas crecca) during spring
migration in the Illinois River Valley, Illinois, USA, during February–April of 2016–2018. (a) Predicted percent carcass lipid values for male and
female Green-winged Teal with increasing day of year. (b) Predicted percent carcass lipid values for male and female Green-winged Teal with
increasing mean temperature values. (c) Predicted percent carcass lipid values for male and female Green-winged Teal with variation in percent diet
composed of plant material. (d) Predicted percent carcass lipid values for Green-winged Teal collected at locations with low (0–250 kg/ha),
medium (250–600 kg/ha), and high (600+ kg/ha) moist-soil seed densities. Color version online.
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reserves and needing to sample numerous wetlands before iden-
tifying a locale with adequate food availability for refueling.
The spring condition hypothesis purports that limited food
availability during the non-breeding season can reduce body con-
dition upon arrival to the breeding grounds and result in cross-
seasonal effects (Anteau and Afton 2009; Sedinger and Alisauskas
2014). Consistent with this hypothesis, others have demonstrated
limited food availability during spring in mid-continent stopover
areas (Anteau and Afton 2008; Straub et al. 2012; Hagy et al. 2017;
Schepker et al. 2019). Hagy and Kaminski (2015) proposed a forag-
ing threshold for dabbling ducks of 200 kg/ha, which repre-
sented the lowest food density that was energetically profitable to
exploit in natural moist-soil wetlands. Straub et al. (2012) reported
duck food densities in Midwestern emergent wetlands during
spring near this threshold (208 kg/ha) and Hagy et al. (2017) pro-
vided additional evidence that food may be limited during spring
migration in some years in the Midwest. Our study provides addi-
tional merit to this lower foraging threshold by associating in-
creased carcass lipids with medium (250–600 kg/ha) and high
(>600 kg/ha) food densities compared with those considered not
energetically profitable (0–250 kg/ha). As food densities at Teal
collection sites (392 ± 33 kg/ha (mean ± SE); minimum = 5 and
maximum = 2372) were greater than previous regional food avail-
ability during spring (Straub et al. 2012; Brasher et al. 2007), prof-
itable patches likely enabled Teal to successfully refuel before
subsequent migration. However, lipid deposition occurs only af-
ter basal energetic needs are satisfied; therefore, low forage avail-
ability in the Midwest overall may decrease forage intake rates,
increase energetic expenditure used to search for profitable for-
aging patches, and limit surplus energy for lipid deposition
(Lindström 1991).
Diet composition has previously been hypothesized to explain
carcass lipid levels during winter (Baldassarre et al. 1986; Rave and
Baldassarre 1991). Additionally, lipid deposition in Ring-necked
Ducks (Aythya collaris (Donovan, 1809)) and Mallards has been at-
tributed to the use of high-carbohydrate plant foods (i.e., moist-
soil seeds) gathered from seasonal wetlands (Hohman 1986;
LaGrange and Dinsmore 1988). Seasonal wetlands (i.e., moist-soil
wetlands) are common along the Illinois River (Stafford et al.
2010); however, vegetation quality varies spatially and temporally
(Bowyer et al. 2005; Stafford et al. 2010; Hagy et al. 2017). We found
that Teal containing a high proportion of dietary seeds exhibited
greater carcass lipids than those with a high proportion of dietary
invertebrates. Body condition of Lesser Scaup declined when diets
were composed of undesirable species (Anteau and Afton 2006,
2008, 2009), and similar patterns have been hypothesized in
Northern Pintail (Ballard et al. 2004). Because birds also use pro-
tein during migration, recently arriving Teal may have consumed
greater proportions of high-protein invertebrates to recover vital
proteins before replenishing lipids (McWilliams et al. 2004). Once
proteins are restored, individuals may shift their diet to items
with low protein to calorie ratios to maximize lipid deposition in
preparation for subsequent migratory movements (McWilliams
et al. 2004). Conversely, Teal may primarily consume plant seeds
throughout spring migration without making a switch to inverte-
brates as has been previously hypothesized for other species
(Heitmeyer 1985).
We found that male Teal had 15.1% greater lipid levels than
female Teal during stopover in the IRV. Most previous studies
during spring have focused on females due to the assumption that
females likely drive recruitment during the subsequent breeding
season (LaGrange and Dinsmore 1998; Anteau and Afton 2006;
Tidwell 2010; Casady 2013). However, males are direct competitors
with females for food resources at spring stopovers, and both may
be useful in indexing habitat quality (Bouton 2018; Smith 2018). In
contrast, Baldassarre et al. (1986) and Rave and Baldassarre (1991)
found similar lipid levels among sexes of Teal during winter. Be-
cause Teal pair during late winter (Baldassarre 2014), males with
relatively larger lipid reserves may be adaptive, allowing for re-
ductions in foraging activity during spring and increased time for
pair bonding and mate guarding (Krapu 1981; Badzinski and Petrie
2006).
We found warmer ambient temperatures prior to collection
correlated with decreased lipids of Teal. In contrast, several stud-
ies relating temperature to condition during the non-breeding
period have shown general decreases in lipid reserves with de-
creasing temperatures (Ryan 1972; Baldassarre et al. 1986). Lower
temperatures resulted in greater thermoregulatory costs (Lovvorn
1989, 1994; Schummer et al. 2012) and likely required additional
foraging efforts or emigration if food was limited. Teal may store
less lipids as they approach the breeding grounds because the
probability of encountering temperatures below their lower crit-
ical temperature (16.5 °C) (Dalby et al. 2013) declines (Tamisier
et al. 1995). However, because mean temperatures during Teal
collection were entirely below the lower critical temperature and
Teal were collected at a stopover location, we suspected Teal
would be building lipid reserves. Our results were likely due to
other circumstances related to temperature such as incoming mi-
grants with warmer temperatures rather than direct effects of
temperature on lipid stores.
Variation in protein levels among birds and years was small
(<9%) compared with lipids (>40%); however, we found distinct
differences in protein among years. Protein is not the optimal fuel
source for avian migration due to the increased water mass stored
in protein reserves (Biebach 1996; Jenni and Jenni-Eiermann 1998),
but as much as 5%–15% of energy for long-distance flight is derived
from proteins (Guglielmo 2018). Additionally, the use of protein
during migration entails a loss of structural tissue, which results
in decreased functional capacity (McWilliams et al. 2004), but this
strategy may be optimal to maximize flight efficiency and extend
flight distance (Pennycuick 1998). Proteins used during migratory
flight may originate from organs, especially the digestive organs,
yet these systems require rebuilding before refueling at migratory
stopovers can occur (Karasov et al. 2004; McWilliams and Karasov
2005). Therefore, reduced protein levels may indicate recent ar-
rival beforeproteinsusedduringflightare fully restored (Aamidoretal.
2011). Additionally, differences in carcass protein between years
may be attributable to differences in wintering habitat conditions
or location or an individual’s ability to secure adequate lipid re-
sources prior to the previous migratory flight.
Non-destructive indices of body condition are necessary for all
studies in which release of the individual is required (i.e., survival
or breeding performance) or for endangered species and require
reliable methods to produce accurate measures. The non-destructive
indices of body condition that we tested were poor predictors of
carcass lipids in Teal (r2 ≤ 0.25). The best-fitting index, the SMI,
predicted <50% of the variation in carcass lipids. The threshold for
accuracy of condition indices has typically been arbitrary or un-
defined. However, in a review of 200 published morphometric
indices of avian taxa, Labocha and Hayes (2012) found more than
half of the studies predicted <50% of the variation in lipids. Both
Whyte and Bolen (1984) and Jamieson et al. (2006) found condition
indices based on external measurements of Mallards (r2 = 0.53)
and Common Eiders (Somateria mollissima (Linnaeus, 1758)) (r2 ≤
0.61), respectively, were poor indicators of lipid content compared
with an index generated by dissection of collected individuals
(r2 ≥ 0.80). Importantly, substituting SMI values in place of carcass
lipids in our linear mixed-effects model resulted in a final model
containing two parameters, neither of which were found in the
original lipid model. Therefore, using the SMI would have re-
sulted in a different interpretation of our results and potentially
erroneous management recommendations. Schamber et al. (2009)
found that no structural index was universally applicable across
waterfowl species and discouraged the use of unverified indices.
Sparling et al. (1992) and Schamber et al. (2009) suggested using
uncorrected body mass rather than select among unverified con-
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dition indices. Although Guillemain et al. (2013) found a positive
relationship between SMI and recapture the following year, the
same result was found using unscaled body mass alone and it was
unclear if the SMI was representative of lipids. Before applying
structural indices as proxy for lipid concentration and an indica-
tor of body composition, scientists should verify that the index
is appropriate for their species during the period of interest
(Schamber et al. 2009). Several previous researchers have sup-
ported magnetic resonance imaging (MRI) as a non-destructive
technique for quantifying lipid reserves in avian species including
White Stork (Ciconia ciconia (Linnaeus, 1758)) (Berthold et al. 2001),
waterfowl (Wiederhold 1996), and numerous passerines (Guglielmo
et al. 2011) and additional non-destructive methods are discussed
by McWilliams and Whitman (2013).
Lipid stores associated with food availability and composition
indicated the importance moist-soil plant seeds to spring-
migrating Teal. Given the assumption that food can be limiting
during spring migration (Straub et al. 2012; Schepker et al. 2019)
and our observed relationship between food availability or food
composition and lipids, we recommend delayed spring flooding
in some seasonal emergent wetlands to increase food availability
for spring migrants (Greer et al. 2007). Increasing availability of
moist-soil plant seeds on the landscape during spring may en-
hance body condition of spring migrants, which may help sustain
recruitment to support overall populations of Teal (Devries et al.
2008). Additionally, we demonstrated that morphological indices
were poor predictors of lipids in Teal and that researchers inter-
ested in using non-destructive body condition indices should val-
idate them against physiological metrics (e.g., carcass lipid levels,
blood plasma metabolites) before application.
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Appendix 5.  Spring-migrating Green-winged Teal in the  
Illinois River Valley – Klimas and Yetter 2020 
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By Sam Klimas and Aaron Yetter
THE ILLINOIS RIVER VALLEY (IRV) is an im-
portant stopover area for North American waterfowl during
spring and fall migrations, and hence, has a rich history of
waterfowl hunting and scientific research. In fact, Frederick
Lincoln began the United States’ first large-scale duck
banding program in 1922, capturing and banding thousands
of mallards in the Sangamon Bottoms near Chandlerville.
Since then, Illinois has hosted a variety of pioneering research
projects, including studies on migration, lead poisoning and
non-toxic shot, nesting and nest boxes, wetland management,
and the effects of man on large river systems. Most of this
waterfowl research was conducted during the breeding
season and fall migration due to their relevance to waterfowl
hunting programs.
Spring migration remains an understudied period in the
annual cycle of waterfowl, especially in Illinois. A lack of
information during spring can lead conservation planners and
resource managers to make uniformed decisions regarding
the wetland habitat needs for spring migrating waterfowl. In
fact, spring migration is hypothesized to be a “lean” time of
year when food availability is considered low due to seed
decomposition and consumption by waterfowl during fall and
winter. Depleted food densities can impact the ability of
waterfowl to acquire nutrients during spring, which influences
productivity during breeding season. Ultimately, spring
migration plays a key role in the annual cycle of waterfowl
populations, and waterfowl research during spring is essential
to ensure adequate resources are available to spring migrants
during this critical period.
The small and charismatic green-winged teal (Anas crecca)
is a common visitor of the IRV. Their populations are at or
exceed population goals of the North American Waterfowl
Management Plan, and they are prized both by birdwatchers
and waterfowl hunters. Green-wings are the smallest dabbling
duck in North America and are named for the iridescent green
speculum found on the wings of both males and females. Due
to their small size, teal forage in very shallow wetlands (i.e.,
water depth less than 6 inches) using their densely packed
lamellae (comb-like structure on the inside of the bill) to
consume seeds and invertebrates. This adaptation allows
green-wings to utilize wetland habitats and food items that
differ from other duck species, which creates niche
specialization on the landscape.
Because of the paucity of information on spring migrating
teal in Illinois, researchers at the University of Illinois’ Forbes
Biological Station in Havana initiated studies on various
aspects of their spring migration ecology. Specifically,
scientists aimed to identify food selection and availability
during spring, as well as estimating body condition (i.e., lipid
reserves that influence survival) during teal spring stopover in
the IRV. To answer these questions, scientists at the Bellrose
Waterfowl Research Center sampled actively foraging green-
winged teal at various wetland complexes throughout the IRV.
Teal diet contents were collected from the upper digestive
tract, separated by taxa, and dried and weighed to determine
important food items. Body condition analysis was used to
determine the lipid (i.e., fat) stores present in each bird. Lipids
serve as ideal fuel for migration and are measured and used
to evaluate the overall health of individual birds. If we are
providing quality wetland habitats in the IRV, then we should
see high levels of lipids in green-winged teal during spring. 
We evaluated diets of 141 green-winged teal utilizing
wetland habitats of the IRV during springs 2016–2018 from
Hennepin to Grafton. Teal diets were composed of 85 percent
Ryan Askren
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moist-soil seeds, 14 percent invertebrates and 1 percent leafy
vegetation. The top consumed seed taxa were flatsedges or
nutgrasses (Cyperus spp.), smartweeds (Polygonum spp.) and
pigweeds (Amaranthus spp.). Aquatic worms (Oligocheata),
midge larvae (Chironomidae) and fingernail clams (Sphaeriidae)
were the most consumed invertebrate items, while duckweed
(Lemna spp.) was the most prevalent leafy vegetation eaten by
teal. Lastly, lipid reserves (i.e., body condition) of spring-migrating
teal decreased as spring migration progressed, but lipid levels
increased at collection sites with elevated or greater food
resources.
Diverse moist-soil wetlands with abundant seed resources
provide optimal habitat for green-winged teal during spring
migration. Our research indicated teal spent considerable effort
foraging in moist-soil vegetation and mudflats during spring
where they gleaned smaller seeds relative to other dabbling
ducks. For example, mallards (Anas platyrhynchos) are known
to select large-seeded species such as common barnyard grass
or wild millet (Echinochloa crusgalli), largeseed smartweed
(Polygonum pensylvanicum), rice cutgrass (Leersia oryzoides),
or even agricultural grains such as corn and buckwheat. These
moist-soil seeds are packed with carbohydrates to provide
energy and replenish lipid reserves. Green-winged teal in
wetlands with elevated seed densities had greater lipid (i.e., fat)
levels on average than teal in wetlands with lesser seed
densities. In addition, lipid reserves in foraging teal declined as
Aaron Yetter
Tom Humburg
Wetlands Where Teal 
Were Experimentally Collected
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spring migration advanced chronologically. Declining lipid
reserves paired with potentially extended stopover periods
could indicate lower quality foraging habitats for green-
winged teal in the IRV, especially in late spring.
Ultimately, we can use this information to guide wetland
habitat management in the region. Moist-soil habitats are
desirable to waterfowl and should be managed for diverse
and high-yielding moist-soil plant species. Management
techniques that increase seed yields (i.e., slow drawdowns,
disking, mowing, spraying) should be employed by wetland
managers in Illinois. Delayed flooding of some wetlands until
late-winter/spring may provide abundant food resources to
spring migrants, especially late-spring migrants. Lastly, some
wetland managers dewater moist-soil wetlands shortly after
hunting season. This practice decreases wetland habitat and
food resources available for spring migrating ducks, which
may affect body condition and subsequent reproductive
success during the breeding season. Managers should
provide diverse shallowly flooded wetland habitats until the
end of spring migration (e.g., late April) to allow ducks to fully
exploit food resources and return to the breeding grounds in
the best condition possible. 
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Appendix 6.  Autumn 2019 Shorebird Inventories of the Central 




   LOCATION % Wet Big (Killdeer and Larger) Small (Pectoral and Smaller) TOTAL
Turner Lake 70 15 25 40
Lake Depue 80 10 5 15
Lake Depue Impoundments 5 0 0 0
Coleman Lake 90 0 0 0
Coleman Impoundment 50 0 0 0
Bureau Ponds 20 10 5 15
Goose Lake 70 60 90 150
Goose Impoundments 70 65 555 620
Senachwine Lake 90 5 0 5
Senachwine Lake Impoundments 10 130 105 235
Hennepin/Hopper 70 10 0 10
Swan Lake 70 400 200 600
Swan Lake Impoundments 5 0 0 0
Sawmill Lake 90 30 0 30
Sawmill Lake Impoundments 10 70 0 70
Billsbach Lake 80 100 400 500
Weis Lake 70 100 0 100
Sparland 90 10 0 10
Wightman Lake 90 30 0 30
Wightman Lake Impoundments 0 0 0 0
Sawyer Slough 80 100 10 110
Hitchcock Slough 60 70 10 80
Hitchcock Impoundment 20 20 0 20
Babbs Slough 90 20 5 25
Atchison Impoundment 10 10 0 10
Meadow Lake 90 0 0 0
Douglas Lake 60 250 150 400
Oberhelman Impoundment West 90 0 0 0
Rice Pond Impoundments East 90 50 100 150
Goose Lake 90 650 420 1,070
Upper Peoria 95 125 0 125
Lower Peoria 95 0 0 0
Pekin/Worley Lake 50 25 5 30
Spring Lake 100 0 0 0
Spring Lake Bottoms 20 125 300 425
Goose Lake 95 0 5 5
Hate Levee Impoundment 90 20 10 30
Woodyard Impoundments 60 200 600 800
Rice Lake 100 0 0 0
Ridge Field 20 400 400 800
Barton Field 10 100 0 100
Big Lake 95 20 50 70
Big Lake Impoundments 10 10 5 15
Banner Marsh 100 50 5 55
Banner Marsh Impoundments 0 0 0 0
Clear Lake 90 350 335 685
Clear Lake Impoundments 30 260 470 730
North Pool 100 0 5 5
South Pool 95 950 1,100 2,050
Quiver Lake 70 110 100 210
Quiver Lake Impoundments 90 500 300 800
Thompson/Flag Lake 80 50 15 65
North Globe 50 200 500 700
Dickson Mounds 100 0 0 0
South Globe 40 1,700 11,000 12,700
Wilder/Bellrose 10 110 260 370
Spoon River Btms 5 300 400 700
Matanzas Lake 95 120 15 135
Matanzas Lake Impoundments 10 120 50 170
Bath Lake 80 65 15 80
Moscow Bay 90 20 50 70
Moscow Bay Impoundments 90 50 100 150
Jack Lake 100 0 0 0
Grass Lake 100 10 0 10
Anderson Lake 100 0 0 0
Carlson Unit 90 500 800 1,300
West Point 0 0 0 0
Snicarte Slough 90 50 50 100
Ingram Lake 95 410 100 510
Lower 40 Impoundments 90 10 0 10
Chain Lake 95 5 0 5
Stewart Lake 90 5 50 55
Bur Oak Island 90 90 30 120
Crane Lake 100 15 0 15
Rainbow/Crane Impoundments 90 400 100 500
IRC Impoundments 10 10 300 310
Otter Lake 50 600 1,500 2,100
Mound Lake Impoundments 30 520 1,100 1,620
Staley Impoundment 20 0 100 100
Barkhausen Impoundments 10 110 0 110
Oklahoma Impoundments 10 500 1,200 1,700
Sanganois Impoundments 20 200 300 500
Sanganois 95 100 0 100
Line Blinds 100 0 0 0
Wiener Swale 100 0 0 0
Treadway Lake 80 380 660 1,040
Curry Lake 100 0 0 0
Big Prairie 60 40 65 105
Flynn Club 80 0 50 50
Gust Club 70 60 150 210
Meredosia Lake 90 380 600 980
Meredosia Club Impoundments 90 0 200 200
Meredosia FWS Impoundments 80 50 60 110
Upper Smith Lake 100 0 0 0
Lower Smith Lake 100 0 0 0
Spunky Bottoms 20 900 2,200 3,100
TOTAL 13,540 27,790 41,330
Date Big Small Total
8/1/2019 13,540 27,790 41,330
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL - AERIAL SHOREBIRD SURVEY
Date:  August 1, 2019 Observer: Aaron Yetter
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   LOCATION % Wet Big (Killdeer and Larger) Small (Pectoral and Smaller) TOTAL
Turner Lake 80 20 20 40
Lake Depue 80 210 150 360
Lake Depue Impoundments 5 0 0 0
Coleman Lake 100 0 0 0
Coleman Impoundment 50 0 5 5
Bureau Ponds 20 50 10 60
Goose Lake 70 495 80 575
Goose Impoundments 50 750 1,000 1,750
Senachwine Lake 90 200 85 285
Senachwine Lake Impoundments 20 160 55 215
Hennepin/Hopper 70 0 0 0
Swan Lake 70 810 410 1,220
Swan Lake Impoundments 5 0 0 0
Sawmill Lake 90 100 0 100
Sawmill Lake Impoundments 10 0 5 5
Billsbach Lake 80 275 25 300
Weis Lake 80 350 150 500
Sparland 90 70 50 120
Wightman Lake 90 55 35 90
Wightman Lake Impoundments 5 0 0 0
Sawyer Slough 70 170 30 200
Hitchcock Slough 70 20 30 50
Hitchcock Impoundment 40 5 0 5
Babbs Slough 90 85 15 100
Atchison Impoundment 10 0 0 0
Meadow Lake 90 35 10 45
Douglas Lake 70 340 45 385
Oberhelman Impoundment West 90 30 0 30
Rice Pond Impoundments East 80 600 370 970
Goose Lake 90 700 650 1,350
Upper Peoria 90 5 5 10
Lower Peoria 100 10 0 10
Pekin/Worley Lake 70 180 45 225
Spring Lake 100 0 0 0
Spring Lake Bottoms 20 30 5 35
Goose Lake 90 5 10 15
Hate Levee Impoundment 40 100 70 170
Woodyard Impoundments 30 305 200 505
Rice Lake 95 0 0 0
Ridge Field 20 225 50 275
Barton Field 0 0 0 0
Big Lake 90 80 45 125
Big Lake Impoundments 95 60 10 70
Banner Marsh 95 5 0 5
Banner Marsh Impoundments 0 0 0 0
Clear Lake 90 305 470 775
Clear Lake Impoundments 20 200 80 280
North Pool 80 665 750 1,415
South Pool 90 2,470 1,650 4,120
Quiver Lake 80 110 190 300
Quiver Lake Impoundments 30 110 250 360
Thompson/Flag Lake 80 30 50 80
North Globe 50 1,010 850 1,860
Dickson Mounds 100 0 0 0
South Globe 40 2,900 4,000 6,900
Wilder/Bellrose 10 100 10 110
Spoon River Btms 5 180 80 260
Matanzas Lake 90 130 10 140
Matanzas Lake Impoundments 10 55 20 75
Bath Lake 30 100 180 280
Moscow Bay 70 70 20 90
Moscow Bay Impoundments 10 100 200 300
Jack Lake 100 0 0 0
Grass Lake 90 10 0 10
Anderson Lake 100 0 0 0
Carlson Unit 20 1,000 700 1,700
West Point 0 0 0 0
Snicarte Slough 90 50 0 50
Ingram Lake 90 220 35 255
Lower 40 Impoundments 10 50 10 60
Chain Lake 90 60 5 65
Stewart Lake 90 10 30 40
Bur Oak Island 40 200 240 440
Crane Lake 90 0 0 0
Rainbow/Crane Impoundments 10 400 250 650
IRC Impoundments 5 100 0 100
Otter Lake 40 600 200 800
Mound Lake Impoundments 20 300 500 800
Staley Impoundment 20 10 0 10
Barkhausen Impoundments 10 230 0 230
Oklahoma Impoundments 5 200 0 200
Sanganois Impoundments 10 240 550 790
Sanganois 70 20 10 30
Line Blinds 80 90 50 140
Wiener Swale 20 400 400 800
Treadway Lake 80 790 250 1,040
Curry Lake 100 0 0 0
Big Prairie 60 100 0 100
Flynn Club 70 20 0 20
Gust Club 60 50 5 55
Meredosia Lake 90 450 600 1,050
Meredosia Club Impoundments 60 200 155 355
Meredosia FWS Impoundments 50 100 100 200
Upper Smith Lake 100 0 0 0
Lower Smith Lake 100 0 0 0
Spunky Bottoms 10 210 20 230
TOTAL 21,180 16,590 37,770
Date Big Small Total
8/1/2019 13,540 27,790 41,330
8/6/2019 21,180 16,590 37,770
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL - AERIAL SHOREBIRD SURVEY
Date:  August 6, 2019 Observer: Aaron Yetter
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   LOCATION % Wet Big (Killdeer and Larger) Small (Pectoral and Smaller) TOTAL
Turner Lake 90 20 0 20
Lake Depue 80 240 60 300
Lake Depue Impoundments 5 0 0 0
Coleman Lake 100 0 0 0
Coleman Impoundment 5 0 0 0
Bureau Ponds 20 10 0 10
Goose Lake 70 210 400 610
Goose Impoundments 30 800 350 1,150
Senachwine Lake 90 150 100 250
Senachwine Lake Impoundments 30 0 0 0
Hennepin/Hopper 100 0 0 0
Swan Lake 60 370 60 430
Swan Lake Impoundments 10 0 0 0
Sawmill Lake 95 30 20 50
Sawmill Lake Impoundments 10 0 0 0
Billsbach Lake 80 750 120 870
Weis Lake 70 400 20 420
Sparland 90 210 10 220
Wightman Lake 90 110 0 110
Wightman Lake Impoundments 0 0 0 0
Sawyer Slough 60 30 0 30
Hitchcock Slough 70 50 5 55
Hitchcock Impoundment 20 0 0 0
Babbs Slough 90 0 0 0
Atchison Impoundment 10 5 0 5
Meadow Lake 90 0 0 0
Douglas Lake 70 210 10 220
Oberhelman Impoundment West 20 600 100 700
Rice Pond Impoundments East 20 2,500 500 3,000
Goose Lake 90 250 30 280
Upper Peoria 95 10 0 10
Lower Peoria 100 0 0 0
Pekin/Worley Lake 30 530 180 710
Spring Lake 100 10 0 10
Spring Lake Bottoms 20 10 0 10
Goose Lake 90 10 0 10
Hate Levee Impoundment 30 60 60 120
Woodyard Impoundments 10 50 50 100
Rice Lake 95 0 0 0
Ridge Field 5 20 0 20
Barton Field 5 0 0 0
Big Lake 90 55 35 90
Big Lake Impoundments 90 10 5 15
Banner Marsh 95 25 0 25
Banner Marsh Impoundments 5 0 0 0
Clear Lake 80 790 630 1,420
Clear Lake Impoundments 20 105 110 215
North Pool 50 310 380 690
South Pool 50 5,650 1,550 7,200
Quiver Lake 90 5 5 10
Quiver Lake Impoundments 30 60 5 65
Thompson/Flag Lake 80 20 5 25
North Globe 30 320 325 645
Dickson Mounds 100 0 0 0
South Globe 40 3,000 1,550 4,550
Wilder/Bellrose 10 0 5 5
Spoon River Btms 0 0 0 0
Matanzas Lake 90 60 0 60
Matanzas Lake Impoundments 10 0 0 0
Bath Lake 30 240 190 430
Moscow Bay 40 60 70 130
Moscow Bay Impoundments 10 10 20 30
Jack Lake 90 175 165 340
Grass Lake 90 210 50 260
Anderson Lake 100 10 0 10
Carlson Unit 10 100 10 110
West Point 0 0 0 0
Snicarte Slough 40 95 5 100
Ingram Lake 90 600 85 685
Lower 40 Impoundments 5 0 0 0
Chain Lake 90 680 10 690
Stewart Lake 90 435 50 485
Bur Oak Island 30 400 200 600
Crane Lake 90 40 0 40
Rainbow/Crane Impoundments 70 40 0 40
IRC Impoundments 0 0 0 0
Otter Lake 60 210 110 320
Mound Lake Impoundments 30 60 0 60
Staley Impoundment 10 20 0 20
Barkhausen Impoundments 5 250 0 250
Oklahoma Impoundments 10 0 0 0
Sanganois Impoundments 0 60 10 70
Line Blinds 20 180 10 190
Wiener Swale 30 300 50 350
Treadway Lake 80 500 130 630
Curry Lake 100 0 0 0
Big Prairie 60 300 0 300
Flynn Club 60 15 0 15
Gust Club 40 20 40 60
Meredosia Lake 90 2,100 1,110 3,210
Meredosia Club Impoundments 10 300 50 350
Meredosia FWS Impoundments 20 50 0 50
Upper Smith Lake 100 0 0 0
Lower Smith Lake 100 0 0 0
Spunky Bottoms 10 100 10 110
TOTAL 25,615 9,055 34,670
Date Big Small Total
8/1/2019 13,540 27,790 41,330
8/6/2019 21,180 16,590 37,770
8/16/2019 25,615 9,055 34,670
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL - AERIAL SHOREBIRD SURVEY
Date:  August 16, 2019 Observer: Aaron Yetter
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   LOCATION % Wet Big (Killdeer and Larger) Small (Pectoral and Smaller) TOTAL
Turner Lake 90 0 5 5
Lake Depue 80 20 5 25
Lake Depue Impoundments 5 0 0 0
Coleman Lake 90 0 0 0
Coleman Impoundment 10 0 0 0
Bureau Ponds 60 0 0 0
Goose Lake 40 115 5 120
Goose Impoundments 30 65 5 70
Senachwine Lake 90 20 0 20
Senachwine Lake Impoundments 20 15 0 15
Hennepin/Hopper 100 0 0 0
Swan Lake 70 95 5 100
Swan Lake Impoundments 5 0 0 0
Sawmill Lake 95 0 0 0
Sawmill Lake Impoundments 5 0 0 0
Billsbach Lake 90 0 0 0
Weis Lake 80 250 50 300
Sparland 95 0 0 0
Wightman Lake 95 5 0 5
Wightman Lake Impoundments 5 0 0 0
Sawyer Slough 50 0 0 0
Hitchcock Slough 90 0 0 0
Hitchcock Impoundment 20 0 10 10
Babbs Slough 90 0 0 0
Atchison Impoundment 10 0 0 0
Meadow Lake 90 0 0 0
Douglas Lake 10 120 5 125
Oberhelman Impoundment West 20 300 60 360
Rice Pond Impoundments East 60 1,700 200 1,900
Goose Lake 90 50 5 55
Upper Peoria 95 30 0 30
Lower Peoria 100 0 0 0
Pekin/Worley Lake 50 210 20 230
Spring Lake 100 0 0 0
Spring Lake Bottoms 10 0 0 0
Goose Lake 90 0 0 0
Hate Levee Impoundment 20 300 50 350
Woodyard Impoundments 10 250 50 300
Rice Lake 90 0 0 0
Ridge Field 5 0 0 0
Barton Field 0 0 0 0
Big Lake 90 0 0 0
Big Lake Impoundments 50 230 100 330
Banner Marsh 95 5 0 5
Banner Marsh Impoundments 10 0 0 0
Clear Lake 90 1,525 2,200 3,725
Clear Lake Impoundments 20 100 0 100
North Pool 60 4,660 1,500 6,160
South Pool 50 8,500 1,600 10,100
Quiver Lake 90 0 0 0
Quiver Lake Impoundments 30 165 30 195
Thompson/Flag Lake 65 110 20 130
North Globe 30 340 80 420
Dickson Mounds 100 0 0 0
South Globe 40 3,100 1,050 4,150
Wilder/Bellrose 5 30 10 40
Spoon River Btms 0 0 0 0
Matanzas Lake 90 20 0 20
Matanzas Lake Impoundments 5 20 0 20
Bath Lake 30 100 50 150
Moscow Bay 70 370 10 380
Moscow Bay Impoundments 10 15 20 35
Jack Lake 90 45 0 45
Grass Lake 90 70 150 220
Anderson Lake 100 0 0 0
Carlson Unit 5 210 10 220
West Point 0 0 0 0
Snicarte Slough 40 100 0 100
Ingram Lake 90 105 25 130
Lower 40 Impoundments 5 0 0 0
Chain Lake 90 100 20 120
Stewart Lake 90 135 100 235
Bur Oak Island 20 40 50 90
Crane Lake 100 10 0 10
Rainbow/Crane Impoundments 20 5 0 5
IRC Impoundments 0 0 0 0
Otter Lake 70 0 0 0
Mound Lake Impoundments 30 0 0 0
Staley Impoundment 5 0 0 0
Barkhausen Impoundments 5 25 0 25
Oklahoma Impoundments 5 0 0 0
Sanganois Impoundments 5 0 0 0
Line Blinds 20 50 50 100
Wiener Swale 20 40 0 40
Treadway Lake 90 175 15 190
Curry Lake 100 0 0 0
Big Prairie 60 0 0 0
Flynn Club 90 15 5 20
Gust Club 70 5 0 5
Meredosia Lake 90 25 35 60
Meredosia Club Impoundments 10 120 0 120
Meredosia FWS Impoundments 30 0 0 0
Upper Smith Lake 100 0 0 0
Lower Smith Lake 100 0 0 0
Spunky Bottoms 10 40 15 55
TOTAL 24,150 7,620 31,770
Date Big Small Total
8/1/2019 13,540 27,790 41,330
8/6/2019 21,180 16,590 37,770
8/15/2019 25,615 9,055 34,670
8/22/2019 24,150 7,620 31,770
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL - AERIAL SHOREBIRD SURVEY
Date:  August 22, 2019 Observer: Aaron Yetter
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   LOCATION % Wet Big (Killdeer and Larger) Small (Pectoral and Smaller) TOTAL
Turner Lake 90 0 0 0
Lake Depue 70 230 150 380
Lake Depue Impoundments 0 0 0 0
Coleman Lake 100 0 0 0
Coleman Impoundment 5 0 0 0
Bureau Ponds 20 5 0 5
Goose Lake 70 260 5 265
Goose Impoundments 50 5 0 5
Senachwine Lake 90 100 30 130
Senachwine Lake Impoundments 20 0 0 0
Hennepin/Hopper 100 0 0 0
Swan Lake 70 5 0 5
Swan Lake Impoundments 0 0 0 0
Sawmill Lake 90 5 0 5
Sawmill Lake Impoundments 5 0 0 0
Billsbach Lake 90 50 0 50
Weis Lake 90 160 0 160
Sparland 90 0 0 0
Wightman Lake 90 30 0 30
Wightman Lake Impoundments 5 0 0 0
Sawyer Slough 80 0 0 0
Hitchcock Slough 70 80 0 80
Hitchcock Impoundment 20 0 0 0
Babbs Slough 90 0 0 0
Atchison Impoundment 10 0 0 0
Meadow Lake 90 0 0 0
Douglas Lake 70 0 0 0
Oberhelman Impoundment West 30 200 50 250
Rice Pond Impoundments East 40 400 100 500
Goose Lake 90 365 300 665
Upper Peoria 95 35 5 40
Lower Peoria 100 0 0 0
Pekin/Worley Lake 40 210 160 370
Spring Lake 100 0 0 0
Spring Lake Bottoms 5 5 0 5
Goose Lake 80 5 0 5
Hate Levee Impoundment 30 20 0 20
Woodyard Impoundments 10 10 0 10
Rice Lake 100 0 0 0
Ridge Field 5 0 0 0
Barton Field 0 0 0 0
Big Lake 90 0 0 0
Big Lake Impoundments 10 50 5 55
Banner Marsh 95 10 0 10
Banner Marsh Impoundments 10 0 0 0
Clear Lake 90 470 10 480
Clear Lake Impoundments 20 5 0 5
North Pool 60 5,200 1,000 6,200
South Pool 60 7,260 1,250 8,510
Quiver Lake 90 5 35 40
Quiver Lake Impoundments 20 10 0 10
Thompson/Flag Lake 80 25 5 30
North Globe 20 35 35 70
Dickson Mounds 100 0 0 0
South Globe 30 1,500 500 2,000
Wilder/Bellrose 5 0 0 0
Spoon River Btms 0 0 0 0
Matanzas Lake 90 20 0 20
Matanzas Lake Impoundments 10 25 5 30
Bath Lake 30 35 0 35
Moscow Bay 70 5 90 95
Moscow Bay Impoundments 10 10 5 15
Jack Lake 90 55 25 80
Grass Lake 90 335 35 370
Anderson Lake 100 0 0 0
Carlson Unit 10 150 5 155
West Point 0 0 0 0
Snicarte Slough 40 70 5 75
Ingram Lake 90 450 105 555
Lower 40 Impoundments 0 0 0 0
Chain Lake 90 60 85 145
Stewart Lake 90 265 95 360
Bur Oak Island 30 0 5 5
Crane Lake 90 5 0 5
Rainbow/Crane Impoundments 20 5 0 5
IRC Impoundments 0 0 0 0
Otter Lake 80 100 10 110
Mound Lake Impoundments 20 50 0 50
Staley Impoundment 10 0 0 0
Barkhausen Impoundments 10 0 0 0
Oklahoma Impoundments 5 0 0 0
Sanganois Impoundments 50 10 5 15
Line Blinds 20 0 0 0
Wiener Swale 20 100 0 100
Treadway Lake 90 10 0 10
Curry Lake 100 0 0 0
Big Prairie 60 5 0 5
Flynn Club 70 5 5 10
Gust Club 60 10 0 10
Meredosia Lake 90 360 40 400
Meredosia Club Impoundments 10 50 5 55
Meredosia FWS Impoundments 30 0 0 0
Upper Smith Lake 100 0 0 0
Lower Smith Lake 100 0 0 0
Spunky Bottoms 10 75 5 80
TOTAL 19,015 4,170 23,185
Date Big Small Total
8/1/2019 13,540 27,790 41,330
8/6/2019 21,180 16,590 37,770
8/15/2019 25,615 9,055 34,670
8/22/2019 24,150 7,620 31,770
9/5/2019 19,015 4170 23180
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL - AERIAL SHOREBIRD SURVEY
Date:  September 5, 2019 Observer: Aaron Yetter
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   LOCATION % Wet Big (Killdeer and Larger) Small (Pectoral and Smaller) TOTAL
Turner Lake 95 5 0 5
Lake Depue 70 350 50 400
Lake Depue Impoundments 0 0 0 0
Coleman Lake 95 0 0 0
Coleman Impoundment 5 0 0 0
Bureau Ponds 20 0 0 0
Goose Lake 70 100 40 140
Goose Impoundments 60 0 0 0
Senachwine Lake 90 90 0 90
Senachwine Lake Impoundments 10 30 0 30
Hennepin/Hopper 100 0 0 0
Swan Lake 70 10 0 10
Swan Lake Impoundments 5 0 0 0
Sawmill Lake 90 0 0 0
Sawmill Lake Impoundments 10 0 0 0
Billsbach Lake 80 10 0 10
Weis Lake 80 5 0 5
Sparland 90 5 0 5
Wightman Lake 90 5 0 5
Wightman Lake Impoundments 5 0 0 0
Sawyer Slough 70 0 0 0
Hitchcock Slough 80 0 0 0
Hitchcock Impoundment 20 0 0 0
Babbs Slough 90 0 0 0
Atchison Impoundment 5 0 0 0
Meadow Lake 90 0 0 0
Douglas Lake 70 10 0 10
Oberhelman Impoundment West 20 40 0 40
Rice Pond Impoundments East 50 100 150 250
Goose Lake 90 300 40 340
Upper Peoria 95 5 0 5
Lower Peoria 100 0 0 0
Pekin/Worley Lake 40 20 0 20
Spring Lake 95 0 0 0
Spring Lake Bottoms 10 0 0 0
Goose Lake 90 0 0 0
Hate Levee Impoundment 30 0 0 0
Woodyard Impoundments 5 0 0 0
Rice Lake 100 0 0 0
Ridge Field 5 0 0 0
Barton Field 0 0 0 0
Big Lake 90 0 0 0
Big Lake Impoundments 20 100 5 105
Banner Marsh 95 40 0 40
Banner Marsh Impoundments 5 0 0 0
Clear Lake 80 1,050 110 1,160
Clear Lake Impoundments 5 0 0 0
North Pool 50 4,600 400 5,000
South Pool 60 3,200 500 3,700
Quiver Lake 80 45 0 45
Quiver Lake Impoundments 10 0 0 0
Thompson/Flag Lake 80 15 5 20
North Globe 20 70 5 75
Dickson Mounds 100 0 0 0
South Globe 20 670 75 745
Wilder/Bellrose 0 0 0 0
Spoon River Btms 0 0 0 0
Matanzas Lake 95 15 0 15
Matanzas Lake Impoundments 10 10 0 10
Bath Lake 30 0 0 0
Moscow Bay 70 5 10 15
Moscow Bay Impoundments 5 0 0 0
Jack Lake 90 20 15 35
Grass Lake 90 130 145 275
Anderson Lake 100 0 0 0
Carlson Unit 10 0 0 0
West Point 0 0 0 0
Snicarte Slough 30 125 30 155
Ingram Lake 80 30 25 55
Lower 40 Impoundments 0 0 0 0
Chain Lake 90 40 25 65
Stewart Lake 90 460 130 590
Bur Oak Island 20 5 5 10
Crane Lake 100 0 0 0
Rainbow/Crane Impoundments 30 0 0 0
IRC Impoundments 0 0 0 0
Otter Lake 70 60 50 110
Mound Lake Impoundments 30 60 0 60
Staley Impoundment 5 0 0 0
Barkhausen Impoundments 10 0 0 0
Oklahoma Impoundments 0 0 0 0
Sanganois Impoundments 5 0 0 0
Line Blinds 20 0 0 0
Wiener Swale 20 5 0 5
Treadway Lake 90 85 40 125
Curry Lake 100 0 0 0
Big Prairie 60 0 0 0
Flynn Club 60 15 0 15
Gust Club 50 5 0 5
Meredosia Lake 90 130 60 190
Meredosia Club Impoundments 10 15 0 15
Meredosia FWS Impoundments 30 10 5 15
Upper Smith Lake 100 0 0 0
Lower Smith Lake 100 0 0 0
Spunky Bottoms 10 15 0 15
TOTAL 12,115 1,920 14,035
Date Big Small Total
8/1/2019 13,540 27,790 41,330
8/6/2019 21,180 16,590 37,770
8/15/2019 25,615 9,055 34,670
8/22/2019 24,150 7,620 31,770
9/5/2019 19,015 4,170 23,180
9/10/2019 12,115 1,920 14,035
ILLINOIS NATURAL HISTORY SURVEY WATERFOWL - AERIAL SHOREBIRD SURVEY
Date:  September 10, 2019 Observer: Aaron Yetter
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 Shorebirds are one of multiple guilds of wetland birds that have been experiencing 
population declines over the last 50 years. These species migrate long distances between 
northern breeding grounds and southern wintering grounds, and many need to stop and refuel 
along the way. The Illinois River Valley (IRV) serves as a crucial stopover area for migratory 
shorebirds in the midwestern United States despite the high prevalence of row crop agriculture 
and extensive wetland loss and degradation in the region. Aerial surveys are commonly used to 
quantify waterfowl abundance and estimate population size, but few attempts have been made to 
evaluate aerial surveys for other guilds of wetland birds. We investigated whether aerial surveys 
can be used to accurately estimate of shorebird use of stopover sites in the IRV. During July–
September 2017–2019, and April–May 2018–2019, we conducted concurrent ground and aerial 
surveys at 5–7 sites per week. Additionally, a single observer counted and assigned all shorebird 
detections to either "large" (Killdeer (Charadrius vociferus) and larger) or "small" (Pectoral 
sandpiper (Calidris melanotos) and smaller) size classes, and recorded wetland habitat 
characteristics at a total of 96 sites in the IRV weekly. Dynamic occupancy analyses showed the 
prevalence of wet mud drove site occupancy, and higher occupancy rates were observed in the 
fall than the spring.  Abundance analyses also found mud availability was also the driving factor 
in site abundance. Overall abundance and wet mud availability varied by season, with 15 times 
more shorebirds and more than twice the amount of wet mud available in the fall. Managers 
should focus on progressively exposing wet mud for migrating shorebirds especially during 
July–August, and also in May if the Illinois River level is low enough for managers to 
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CHAPTER 1: GENERAL INTRODUCTION 
Understanding the habitat and energetic needs of migratory wildlife is essential to inform 
effective conservation and management actions for these species. Habitat associations and 
energetic demands of these species can vary at different stages of a species’ annual cycle, so it is 
important to try to understand how these change throughout the year. Changes in habitat 
composition at locations used during any part of the annual cycle can negatively impact species 
survival and fecundity. Avian species, some of which have been documented to undertake annual 
migrations over 80,000km roundtrip (Egevang et al. 2010), are especially susceptible to land use 
changes since they are making an extremely energetically taxing roundtrip each year.  
Shorebirds are a guild of wetland-dependent migratory birds that migrate long distances 
between wintering and breeding grounds each year. These species are widely distributed across 
the globe, and vary in size and shape. Some shorebird species are capable of making extremely 
long non–stop flights between continents, such as the Bar–tailed Godwit (Limosa lapponica), 
which can make an 11,000km flight without stopping (Hedenstrom 2010). Other shorebird 
species migrate long distances, but incorporate a few stops to refuel along the way.  
There are more than 50 species of shorebirds in North America that are widely distributed 
across the continent at different times of the year (Andres et al. 2012). Many species overwinter 
in South America, and only occur in North America during migration and breeding season 
(Morrison 1984). Some species of shorebirds overwinter as far south as the southern tip of South 
America, and breed as far north as the arctic (Morrison 1984). During migration, it is important 
stopover locations contain the food enabling shorebirds to refuel during their long journey. The 
United States is an important area for shorebirds to stopover and refuel before continuing their 




both the Atlantic and Pacific coastlines, and a multitude of river floodplains, isolated lakes, 
agricultural areas, and anywhere else that can provide forage across the interior United States.  
While migrating, shorebirds need to consume enough food at stopover sites to replenish 
fat stores in order to complete the journey between breeding and wintering grounds (Jenni and 
Jenni–Eiermann 1998). Shorebirds forage predominantly on invertebrates, but have also been 
documented eating small fish. On the Atlantic coast, many shorebirds rely on horseshoe crab 
eggs (Limulus polyphemus) for forage in the mid–Atlantic region during migration (Botton et al. 
1994), and the decline of shorebird species such as Red Knots (Calidris canutus) has been linked 
to the decline in horseshoe crab availability (Niles et al. 2008). Shorebirds migrating through a 
river floodplain have been documented to forage on aquatic invertebrates from the orders 
Diptera, Coleoptera, Isopoda, Hemiptera, Hirudinea, Nematoda, and Cyprinodontiformes (Smith 
et al. 2012). Agricultural lands can also provide earthworms for shorebirds in the spring (Stodola 
et al. 2014). 
River floodplains are spread out across the conterminous United States, and the variable 
habitats within these floodplains can serve as important stopover areas for migrating shorebirds 
(Sparks et al. 1995, Bellrose et al. 1983, Lemke et al. 2018). In the Midwest, the Illinois River 
Valley (IRV) has undergone drastic changes in the last century. Since river valleys provide 
nutrient–rich soils for agriculture, the Illinois River has become increasingly channelized through 
the construction of levees to prevent the river water from entering agricultural land during high-
water periods. In some cases, floodplain wetlands of the Illinois River that were converted into 
agricultural lands were flooded so frequently that the economic losses were not worth continuing 
to farm the land, and the areas were eventually converted back into wetlands. Today, the river 




promote the growth of moist–soil vegetation. These sites have varying hydrologic connections to 
the river, with some sites having full connections that allows water to move in and out freely 
throughout the year, some with partial connections that have levees and water control structures 
to reduce flood frequency, and some with limited/no connection to the river through tall 
agricultural levees (Lemke et al. 2018).  
The IRV is an important stopover area for millions of waterbirds each year, including 
waterfowl, shorebirds, marsh birds, herons, egrets and pelicans (Havara 1999). There are more 
than 100 floodplain lakes, wetlands, and managed impoundments in the IRV ranging in size from 
10 to 3,600 ha, and in management capability from small, private waterfowl hunting clubs to 
large national wildlife refuges. These sites having varying habitat compositions that include a 
combination of open water, mudflats, floodplain forests, and both annual and persistent emergent 
vegetation. For shorebirds in particular, their migration through the IRV is primarily in May 
during the northward trip, and in August during the southbound trip. Ideally these floodplain 
wetlands in the IRV will be at a low water period during migration, allowing the exposure of 
mudflats to provide foraging habitat for shorebirds.  
Considerable research is available to help understand the full annual cycle and population 
success of waterfowl (Bellrose 1980, Baldassarre 2014, Rosenberg et al. 2019), but the same 
information is not available for shorebirds (Brown et al. 2001). The same understanding is 
needed for shorebirds since many shorebird species across North America have been 
experiencing long term population declines (Thomas et al. 2006, Rosenberg et al. 2019). It is 
important to understand the needs of shorebirds migrating through the IRV, and whether or not 
those needs are being met in order to determine management actions in the future (Smith et al. 




the abundance and occupancy of shorebirds during both spring and fall migration, and to 
investigate the role of river level and its impact on habitat composition changes throughout 
shorebird migration.  
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CHAPTER 2: THE IMPORTANCE OF THE ILLINOIS RIVER VALLEY TO 
MIGRATING SHOREBIRDS 
ABSTRACT 
 Stopover sites are critical for migrating species to stop and refuel when traveling between 
wintering grounds and breeding grounds. We evaluated shorebird occupancy and abundance at 
96 stopover sites in the Illinois River Valley during fall and spring migration. We used ground 
and aerial surveys to estimate shorebird numbers over a five-week period each fall and spring, 
conducting surveys once a week. Surveys were conducted in fall 2017–2019 (n = 16) and spring 
2018–2019 (n = 10) migrations. Shorebird site occupancy was greater in the fall than the spring, 
and initial occupancy was greatest in fall of 2017 (62% sites occupied, 95% CI = 37–81%), and 
least in spring of 2019 (7% sites occupied, 95% CI = 3–15%). The addition of wet mud 
significantly increased initial occupancy, with initial occupancy increasing an estimated 10.9 
(2.3–51.6) times for each additional ha of mud at a site. Average abundance per survey (weekly 
survey of 96 sites) during the fall was 20,030 shorebirds (range 4,485–41,330), and spring 
surveys averaged 1,365 (range 90–3,320). Mudflat area was more than double in the fall 
compared to spring, and habitat composition was related to the water level of the Illinois River. 
Future management should prioritize the exposure of mudflats in July–August, and on increasing 
the amount of water manipulation control available at a site during spring high water periods.  
 
INTRODUCTION 
North American shorebird populations as a whole are experiencing long-term declines, 
estimated at a total loss of 37% since 1970 (Rosenberg et al. 2019). Nearly half of all the United 
States’ (U.S.) shorebird species are experiencing population declines, although there are limited 




that migrate through the interior of North America and nearly 20% of species displaying a 
coastal migration are declining, with only three shorebird species in North America known to be 
increasing in population (Thomas et al. 2006). Potential drivers of population declines are the 
50% loss of wetlands across North America (Mitsch and Gosselink 2015), changing conditions 
in the arctic breeding grounds (Overduijn et al. 2019), and low rates of overwinter survival 
(Weiser et al. 2018). Approximately 90% of the wetlands in the midwestern United States have 
been converted to other land use (Mitsch and Gosselink 2015). These wetlands are the habitat 
required for continental migrating shorebirds to refuel when traveling between wintering and 
breeding grounds. 
Many shorebird species undergo long–distance migrations from wintering grounds in 
Central and South America to breeding grounds in the arctic, relying on the availability of 
stopover habitat in the U.S. along the way (Skagen and Knopf 1994a, Stodola et al. 2014). 
Dynamic river systems and their associated floodplains are important stopover areas for 
migrating shorebirds, including the Mississippi River, Missouri River, Wabash River, Ohio 
River, and Illinois River (Russel et al. 2016, LMVJV 2019). Migrating shorebirds use specific 
wetlands that optimize foraging ability, typically selecting for sites with mudflats and shallow 
water (Skagen and Knopf 1994a).  Within sites, shorebirds forage in areas from bare ground to 
75% vegetated cover, but mostly in sparse vegetation (<25%; Davis and Smith 1998; Dinsmore 
et al. 1999). Stopover site selection is expected to favor sites with large quantities of readily 
available food resources necessary for migration (Bauer et al. 2008, Jenni and Jenni-Eiermann 
1998). While many shorebird species utilize the interior regions of North America during spring 
and fall migration, there is little research on the season-specific habitat composition in dynamic 




limiting. It has been documented that shorebird foraging habitat availability is greater in spring 
than fall in the Mississippi River floodplain in southeastern Missouri (Twedt 2013). 
Understanding migration patterns and stopover requirements for shorebird species, along with 
the management required to provide resources for these birds during migration, is essential to 
inform conservation efforts in different regions across the U.S.  
Many migrating shorebirds use interior U.S. to move between wintering grounds and 
breeding grounds annually (Colwell 2010). For example, approximately half-a-million 
shorebirds migrate through the lower Mississippi Alluvial Valley each year (LMVJV 2019), 
while 7.3 million shorebirds stopover in the prairie pothole region in the spring and 3.9 million in 
the fall (Skagen et al. 2008). More shorebirds are thought to use the prairie pothole region in the 
spring due to elliptical migration patterns where they likely migrate further to the east in the fall 
(Myers et al. 1987). The Upper Mississippi River Great Lakes Region Joint Venture (JV) has 
documented 35 species that occur regularly during migration in the Midwest, which highlights 
the need to study the populations and habitat preferences of these birds throughout the year 
(Russell et al. 2016). The JV Shorebird Habitat Conservation Strategy in 2007 sought to have 
conservation planners determine migratory population estimates, breeding population estimates, 
and habitat needs to establish habitat conservation goals for shorebirds, but these goals have not 
always been reached (Potter et al. 2007). Illinois, in particular, has experienced long-term loss of 
wetlands and natural prairies through conversion of these areas to row crop agriculture (Dahl et 
al. 1990, Samson and Knopf 1994), but it is still an important stopover region for migrating 
shorebirds (Bailey 2003).  
The Illinois River Valley (IRV), a historically important area for waterfowl, provides 




rails, and pelicans (Havara 1999). Important sites in the IRV such as Chautauqua National 
Wildlife Refuge, a Western Hemisphere Shorebird Reserve Network site, have been estimated to 
attract 100,000–250,000 migrating shorebirds in the fall (Bailey 2003). The many shallow lakes 
and impoundments in the Illinois River floodplain can experience drastic habitat changes 
throughout the year based on changes in water level (Bellrose et al. 1979, Lemke et al. 2018), 
and the timing of these changes impacts the availability of habitat for shorebirds during fall and 
spring migrations (Blake-Bradshaw 2018).  
Monitoring shorebirds can be difficult since large concentrations of certain species use 
only a few specific locations each year (Senner 2012). Species such as Red Knots (Calidris 
canutus) at beaches and marshes on the mid–Atlantic coastline in large numbers during 
migration (Cohen et al. 2010). Counts of 75,000 staging Sanderlings (Calidris alba) have been 
documented along the Gulf of Mexico in spring before migrating north to the prairie pothole 
region (Howell et al. 2019), and White-rumped Sandpipers (Calidris fuscicollis) migrating from 
South America to the arctic use one important staging area in Kansas annually (Harrington et al. 
1991).  Hudsonian Godwits (Limosa haemastica) and whimbrels (Numenius hudsonicus) are 
capable of making extremely long non-stop flights during migration, making them particularly 
vulnerable and requiring high quality food resources to refuel at the few stopover sites used 
between breeding and wintering grounds (Senner 2012, Smith et al. 2010). From a conservation 
perspective it is important to know where these large concentrations are located and the factors 
that lead to these large concentrations.  
We used a combination of ground and aerial surveys in the IRV to estimate shorebird 
occupancy, abundance, and detection probability at 96 floodplain wetlands of the Illinois River 




numbers at all sites and at a subset of ground locations, and documented habitat characteristics in 
terms of the proportion of deep water, shallow water, wet mud, dry mud, short vegetation, and 
tall vegetation (Skagen and Knopf 1994a). We used a dynamic occupancy modelling framework 
(MacKenzie et al. 2003) to investigate overall occupancy, weekly changes in occupancy, and 
detection probability of aerial versus ground surveys during the spring and fall. We also used raw 
aerial shorebird estimates in descriptive analyses to investigate seasonal differences in 
abundance and to identify priority shorebird conservation areas throughout the project. The 
overall goals of the study were to determine how habitat composition influences shorebird 
occupancy, abundance and detection probability, to investigate seasonal changes (fall vs. spring) 
in these estimates, and to and provide information on the relative importance of river level and 
its impact on habitat composition across the IRV to inform conservation.   
 
MATERIALS AND METHODS 
Study Area 
Surveys were conducted within the 100 year floodplain of the Illinois River from DePue, 
IL, to Meredosia, IL (Figure 1). This floodplain has experienced a high level of anthropogenic 
modification through navigational locks and dams, along with the construction of drainage and 
levee districts (Havera 1999). The majority of the remaining floodplain wetlands of the Illinois 
River are partially connected to the river through levees and water control structures, leading to 
seasonal flooding and regeneration during normal water-level years. A small portion of the 
backwaters are either fully connected to the river with no levees or entirely disconnected through 
tall agricultural levees, but the majority of sites are partially connected to the river through the 
use of smaller levees and water control structures (Bellrose et al. 1983, Lemke et al. 2018). Flood 




begins to flood many of the floodplain wetlands and portions of the historical floodplain. The 96 
survey sites were comprised of a combination of public and private land, including National 
Wildlife Refuges, RAMSAR wetlands owned by non–profit organizations, state fish and wildlife 
management areas, and private land managed for waterfowl.  
Shorebird Aerial Surveys 
Aerial surveys were conducted once per week for five weeks in fall (August–early 
September) 2017–2019, and spring (late April–May) 2018–2019. All surveys were flown in a 
single–engine, fixed–wing, low–wing aircraft (Piper Arrow; Piper Aircraft, Inc., Vero Beach, 
FL, USA) at approximately 240 km/h and 60m above ground level (Havara 1999). Surveys were 
conducted as “cruise” surveys as opposed to line-transects or grid-surveys, allowing for entire 
wetlands or discrete portions thereof to be surveyed on both sides of the river throughout the 
study area, which comprised the majority of areas with available habitat within the entire IRV. 
This method also allowed for both a complete flight around the perimeter of a site and for return 
passes through the interior portions of the site to be conducted.  The pilot and the aerial observer 
spent as much time as necessary at each site (typically 2–3 passes; ~3–5 minutes) to ensure a 
complete estimate of the number of shorebirds and the habitat characteristics had been 
completed. Any shorebirds > 24cm were considered “large” and everything else was considered 
“small,” which meant “large” shorebirds were anything the size of a Killdeer (Charadrius 
vociferus) and larger, and “small” shorebirds were anything the size of a Pectoral Sandpiper 
(Calidris melanotos) and smaller (Appendix A). Habitat characteristics were visually estimated 
and classified as proportion of deep water, shallow water, wet mud, dry mud, short vegetation, 
and tall vegetation, similar to the methods describes in Skagen and Knopf 1994 (Table 1). The 




proportion of each habitat characteristic by the overall size of the site, which was determined by 
using Google Earth satellite imagery (Google Inc., Mountain View, CA, USA).  
Shorebird Ground Surveys 
Simultaneous ground surveys were conducted on discrete portions of large aerial survey 
sites to estimate shorebird detection probability and species diversity. Natural landmarks and 
other boundaries (e.g., shorelines, levees, vegetation, roads) were used to define discrete count 
areas so the ground and aerial observer surveyed the same discrete areas. If no boundaries were 
present, brightly painted duck decoys were used to define the boundary of ground survey 
location (Gilbert 2018). Simultaneous count locations were defined a priori and a map of the 
area was provided to both the ground and aerial observer. Sites were selected opportunistically 
based on mudflat availability to limit error in detection probability by the ground observer 
underestimating birds due to vegetation (see supplemental material for separate detection 
probability analyses). Ground crews identified and counted all shorebirds to species whenever 
possible in the delineated count areas using optics (e.g., spotting scope, binoculars) and from an 
elevated location where visibility was unobstructed. Each ground count was conducted for five 
minutes and concluded with the arrival of the airplane, and we make the assumption that no birds 
entered or exited the count area between the ground and aerial counts. 
Dynamic Occupancy Statistical Analyses 
We converted ground and aerial survey count data into presence/absence data for each 
site across all surveys and seasons. We analyzed these data using dynamic occupancy models 
(MacKenzie et al. 2003) in the “unmarked” package (Fiske and Chandler 2011) of Program R 
(Program R, R Foundation for Statistical Computing, Vienna, Austria). We estimated four 
parameters: initial occupancy (Ψ1), colonization (γ), extinction (ε), and detection probability (ρ; 




present at a site during the first survey occasion, colonization is the probability that one or more 
individuals colonize or immigrate to a site that was unoccupied the previous survey period, 
extinction is the probability all individuals emigrate from a previously occupied site, and 
detection probability is the probability of detecting one or more individuals at a truly occupied 
site (MacKenzie et al. 2003).  
We took an iterative approach towards understanding shorebird occupancy dynamics 
throughout the IRV. We first fit four detection models using the proportion of tall vegetation, 
which we believed would obscure visual detections, survey type (aerial or ground), the 
combination of tall vegetation and surveys type, and a null model with constant detection (Table 
2). We used an information-theoretic approach (Burnham and Anderson 2002) to compare 
among detection models. Specifically, we used Akaike’s Information Criterion (AIC) and 
weights of evidence to rank candidate models (Burnham and Anderson 2002). All four detection 
models included the effect of unique survey season (fall 2017–2019, spring 2018–2019) on 
initial occupancy since we expect inherent differences between survey seasons, and colonization 
and extinction were held constant. We assume that we did not over count individuals (i.e. false 
positives) during ground and aerial surveys (MacKenzie et al. 2003).  
We then used the best fitting detection model (Table 2) when investigating occupancy 
dynamics. Each dynamic occupancy model included the effect of individual season (Fall 2017–
2019, Spring 2018–2019) on initial occupancy, and overall season (spring vs fall) on 
colonization/extinction, since we expect inherent differences in occupancy between seasons, and 
could have differences in site use behaviors in different times of year. A Pearson’s correlation 
test was performed before combining any covariates in the same model (Table 3). We fit six 




mud, dry mud, short vegetation, and tall vegetation), where the number of hectares in the initial 
survey week influenced initial occupancy, and the weekly change in hectares of each habitat 
covariate influenced colonization and extinction (Table 4). We also fit six models with the same 
habitat covariates impacting initial occupancy, but with colonization and extinction held 
constant. Finally, we fit one additional model that included the effect of river stage (Havana, IL 
gage; retrieved from the U.S. Army Corps of Engineers www.rivergages.com online database) 
on initial occupancy with colonization and extinction held constant (Table 4). We made 
inferences using the best fitting model and 95% confidence intervals on the specific effects of 
habitat covariates.  Finally, we provide estimates of initial occupancy derived using the predict 
function in the package UNMARKED (Kéry and Chandler 2012).  
Abundance Analyses 
 We investigated the changes in raw abundance of shorebirds detected at aerial survey 
sites using generalized linear models.  We explored the use of N-mixture models (Royle 2004) to 
account for imperfect detection, but could not attain realistic estimates of abundance or effect 
sizes due to problems of overdispersion (Barker et al. 2018, Knape et al. 2018).  Therefore, we 
focused on aerial estimates of shorebird numbers from entire sites and did not include the ground 
to aerial comparison data that was incorporated into the occupancy modeling.  We used a 
generalized linear model with a negative binomial distribution and a log link to investigate the 
effects of habitat covariates on estimated shorebird abundance. We used the negative binomial 
due to the high prevalence of zero counts in our data (n = 1,265; 51%). We fit eight models 
investigating total shorebird abundance using the same covariates as the occupancy modeling 
process, including the main effects of deep water, shallow water, wet mud, dry mud, short 




models included the effect of season (fall or spring), and were ranked using model-averaged 
estimates. Correlation analyses were conducted to investigate if shorebird abundance was related 
to specific habitat covariates or the size of a site.  
 
RESULTS 
Descriptive Occupancy Data 
Over the course of 26 survey periods, we visited 2,488 sites from an airplane, of which 
1,223 (49.2%) had individuals detected on them. There were 358 (29.3%) sites where only large 
shorebirds were present, there were 129 (10.5%) sites where only small shorebirds were present, 
and a combination of large and small birds at 736 (60.2%) of occupied sites. Simultaneous 
ground surveys were conducted 124 times (fall=82, spring=42). Ground counts averaged 77 total 
birds per survey, with an average of 38 large and 38 small birds per survey, and a total of 22 
species in the fall (Average = 3.8 species/survey) and 17 in the spring (Average = 3.1 
species/survey; Figures 2 & 3).  
Initial Occupancy  
The model that included the effect of unique survey season and area of wet mud on initial 
occupancy, and the effect of the weekly change in area of wet mud and season (fall/spring) on 
colonization and extinction was the best fitting model, receiving 100% of the weight of evidence 
(Table 4). Initial occupancy was greater in the fall compared to the spring (Figure 4; Appendix 
B), with initial occupancy greatest in fall of 2017 (62% sites occupied, 95% CI = 37–81%), and 
least in spring of 2019 (7% sites occupied, 95% CI = 3–15%; Figure 4). Additionally, the 
addition of wet mud significantly increased initial occupancy, with initial occupancy increasing 
an estimated 10.9 (2.3–51.6) times for each additional ha of mud at a site (Figure 5).  While 




mud increase from 0 hectares to 3 hectares, initial occupancy increases to >99%, regardless of 
season (Figure 5). Average initial occupancy with no wet mud was 50% (SE ± 7.5) in the fall and 
17% (SE ± 10.0%) in the spring, and can be increased to 93% (SE ± 2.1%) in the fall and 68% 
(SE ± 16.0%) in the spring with an increase of wet mud from 0 to 1 hectare (Figure 5).      
Out of 2,488 total sites sampled in our 26 aerial surveys, 953 sites (38.3%) had > 3 ha of 
wet mud available, with 174 (18%) instances occurring in the first week of a survey season 
(Table 6). Of the 953 instances where > 3 ha of wet mud was available, shorebirds were detected 
at 761 (80%). Approximately 62% of the sites had < 3 ha of wet mud, only 30% had shorebirds 
detected. In fall, 49.4% of sites had at least 3 hectares of wet mud, while only 8.1% in spring. 
Regardless of season, 75% of the sites with 3 or more hectares of wet mud had shorebirds 
detected.  
Colonization/Extinction 
Colonization and extinction rates were relatively low regardless of season (Appendix B), 
although rates were greater in the spring in comparison to the fall. Colonization rates were 
greater in the spring being approximately 2.77 (95% CI = 0.97–7.91) times greater compared to 
the fall, while extinction rates in the spring were 1.47 (95% CI = 0.93–2.31) times greater than 
extinction rates in the fall. While colonization and extinction were relatively low overall, 
changes in the number of hectares of mud at a site had significant effects on colonization rate.  A 
1 ha change in mud increased the probability an unoccupied site became occupied by 3.12 (95% 
CI = 1.76–5.54) times, which meant an unoccupied site would have >99% probability of being 
occupied if 3 ha of mud was added.   
Detection Probability 
Detection probability results show that survey type is the most important variable impacting 




likely to detect a bird, given that there is one or more present at a site, from the ground than from 
the air. At 5 out of 124 (4%) simultaneous ground to aerial count comparisons, shorebirds were 
detected from the ground while none were detected from the air. Separate analyses for estimating 
detection probability for ground and aerial counts are outlined in Appendix D.  
Descriptive Abundance Data 
Average number of shorebirds estimated per weekly survey in the IRV was 20,031 
(range: 4,660–41,330 birds) in the fall (n = 16 surveys), and 1,366 (range: 90–3,320 birds) in the 
spring (n = 10 surveys; Figures 6 & 7). Differences among years in the spring were particularly 
large, with an average of 204 (SE ± 62.3) shorebirds seen in 2019, compared to 2,572 (SE ± 
83.3) in 2018. The fall average number of large shorebirds was 11,582 (1,425–25,615) and 8,448 
small shorebirds (1,550–27,790). The average number of large shorebirds in the spring was 472 
(40–1,370) and 894 (30–2,565) for small shorebirds. Regardless of season, an average of 270 
shorebirds were counted at sites with > 3 ha of wet mud, and 22 at sites with < 3 ha. There were 
> 1,000 shorebirds counted a total of 53 different times at 26 unique sites throughout the IRV. 
There were > 500 shorebirds counted 131 times at 45 different sites in the IRV. The three most 
abundant sites in the IRV in regards to total abundance estimates accounted for an average of 
21% of the birds surveyed each week, and 35% of the total shorebirds counted in all surveys. 
These sites include the South Pool (0–37% weekly; 15% total birds), North Pool (0–36% weekly, 
9% total birds) , and South Globe unit (0–31% weekly; 11% total birds) of Chautauqua National 
Wildlife Refuge, owned and managed by the U.S. Fish and Wildlife Service.     
Abundance Results 
The top model explaining abundance of all shorebirds detected included the effect of 
season and the number of hectares of wet mud at a site, which received 100% of the weight of 




freedom < 1). There are 2.44 (2.20–2.68) fewer shorebirds on the log scale in spring compared to 
fall (p<0.001), and for every unit increase of wet mud there is an expected 0.037 (0.033–0.041) 
more shorebirds on the log scale (p<0.001; Appendix C). Consequently, in the fall there would 
be an estimated 74 (SE ± 6) shorebirds at a site with no mud and 82 (SE ± 7) at a site with 3 ha 
of mud. In the spring there would be an estimated 6 (SE ± 0.6) shorebirds at a site with no mud 
and 7 (SE ± 0.67) at a site with 3 ha of mud. 
 As site size increases, the amount of wet mud increases, but only 29% of the variation is 
explained (R2=0.29, p<0.01). In contrast, site size explained almost all of the variation in the 
amount of deep water (R2=0.97, p<0.01) since most of the sites are lakes. The size of the site 
explained a low amount of variation in the total number of birds estimated (R2=0.01, p<0.01; 
Figure 8). Total shorebird abundance was positively correlated to hectares of wet mud available 
at a site, however the regression only explains 4% of the variation and thus is not biologically 
informative (R2=0.04, p<0.01; Figure 9). 
Role of River Level 
Wet mud availability is related to the stage of the Illinois River. For sites that follow the 
Havana, IL, river gage throughout the five aerial survey seasons, 64% of the sites had wet mud 
available when the river stage was < 10ft, 56% of sites when the river stage was > 10ft and < 
14ft, and 6% when the river stage was > 14ft. Historically, average river stage at the Havana, IL, 
gage for the month of August, which many important shorebird stopover sites follow, has 
remained below the 14-foot flood stage since 1878 except for 3 years with summer floods 
(Figure 10). However, 44 out of the 127 (34.65%) years with available data, the average river 
stage in May, which encompasses most of spring shorebird migration, has been greater than the 




was 24.05 feet, which the highest average for the month of May on record (Figure 10) and likely 
contributes to the higher colonization and extinction rates than in August.  
 
DISCUSSION 
Our results demonstrate that the IRV is an important stopover area for migrating 
shorebirds, especially in the fall with an average of > 100,000 shorebirds estimated each season 
from 22 documented species.  Our results show a high importance of wet mud for both 
occupancy and abundance of shorebirds when stopping over in the IRV in fall and spring. This 
result is well established since many other studies have shown the importance of mudflats at 
various stages of the shorebird annual cycle (Skagen and Knopf 1994a, Davis and Smith 1998, 
Long and Ralph 2001). In the IRV, the variation in both occupancy and abundance may be 
attributed to the dynamic nature of the Illinois River and its influence on wet mud availability. 
Once sites are occupied in the fall, the colonization and extinction rates are low, but these same 
rates are much higher in the spring. A potential driver of this difference in rates could be related 
to river level, such that once the river level allows water to be drawn down and mud to be 
exposed, sites are colonized and remain colonized. On the contrary, flooding that occurs 
primarily in spring can eliminate all wet mud and influence colonization and extinction. Flooding 
has historically more frequent in the spring which can cause extreme changes in habitat 
availability in short periods of time, whereas the average river level in the fall has been 
consistently more stable (Figure 10). Shorebird occupancy, shorebird abundance, and wet mud 
availability results from this study are related in an interesting manner, such that an increase of 
wet mud from 0 to 3 hectares increased initial occupancy to nearly 100% across the IRV (Figure 
5), but shorebird abundance and area of wet mud did not show more of a linear relationship 




were observed with low amounts of wet mud available at sites. Sites remaining occupied from 
week to week in the fall could also be driven by conspecific attraction between certain species 
(Folmer et al. 2010), or varying invertebrate abundance at sites throughout the IRV (Hamer et al. 
2006, Smith et al. 2012, Klimas et al. 2020). 
While wet mud is needed by shorebirds, providing this habitat condition may be 
challenging, particularly in a dynamic river floodplain. Our estimates showed an average total of 
8,025 ha of wet mud available throughout the three fall seasons, compared to an average total of 
2,787 ha in the two spring seasons. These values represent 5% and 2% of the total number of 
hectares surveyed overall, respectively.  The IRV supports approximately 15 times more 
shorebirds on average in fall than spring (Figures 6 & 7). This difference could be due to more 
than twice as much wet mud available in the fall compared to the spring. However, we cannot 
discount other factors that can be influencing this, including the influx of juvenile shorebirds in 
the fall (Gratto-Trevor and Dickson 1994), the slower migration returning to wintering grounds 
after the breeding season compared to a more urgent timeline of rushing to breeding grounds in 
the spring (Nilsson et al. 2013) season-specific migration patterns of species such as stilt 
sandpipers that use the central flyway in the spring but have more widespread migration in the 
fall (Skagen et al. 2008, Jorgensen 2004), and the potential use of agricultural lands outside of 
our study area in the spring (Stodola et al. 2014).  
The dynamics of the Illinois River and its impact on the availability of wet mud is 
complex. The designated 14-foot Illinois River flood stage at the Havana, IL, gage serves as a 
threshold where any river level higher than that will lead to river water beginning to overtop 
levees at multiple sites in the area. It might be expected that flooding would lead to more 




flooded when the Illinois River reaches 14-feet or higher, this is detrimental to shorebirds since 
the areas being overflowed with river water theoretically could have provided mudflats if the 
river had been kept out, but instead the excess floodwater drowns the entire site and accumulates 
in predominantly forested areas and a small portion of agricultural land. This type of flooding 
occurred during the spring 2019 field season, where the average river level for the month of May 
was 24 feet. This record-setting river level for the month of May led to drastically lower 
occupancy rates (Figure 4) and abundance estimates (Figure 7) since there were very few places 
in the IRV that were not inundated with water too deep for shorebirds.  
There are only a few sites with levees tall enough to hold out the river when the level 
climbs more than 3 feet above the 14-foot flood stage. The sites that are capable of holding out a 
high river level out all are either disconnected from the river or situated behind tall levees, 
including the RAMSAR wetland at the Emiquon Preserve and the Sue and Wes Dixon 
Waterfowl refuge at Hennepin and Hopper Lakes, along with places such as Banner Marsh and 
Spring Lake State Fish and Wildlife Areas. On average, the river stage in the spring is much 
higher than in fall (Figure 10), which could be related to the large influx of water from 
agricultural tiling in a channelized river system that increases flashes or pulses of water that 
flood sites. Lower river level in the fall allows managers to have more control over decisions on 
what to do with water levels within a site. These potential management actions include holding 
water in the site, rapidly drawing down water levels to plant crops or a desired moist soil plant to 
provide food for the upcoming waterfowl migration, or a slower draw down that leads to 
progressive mudflat exposure starting from the perimeter and working inward that provides 
habitat for shorebirds, while promoting the natural emergence of moist soil vegetation that 




fall given the lower average river level compared to spring (Figure 10). It is not as simple as 
seeing a linear relationship the river level and wet mud availability (Figure 11), thus it requires 
site–specific management actions in order to maintain shorebird habitat.  
We treated shorebirds as one group during the occupancy modeling process and not split 
between large/small or by species. It is important to note that even though there are no species-
specific results in the occupancy analysis, we recorded 22 different species of shorebirds during 
the 124 ground counts in this study. Given the diversity of species seen in ground counts, the 
IRV is an important area continentally for migrating shorebirds. We noticed a switch in the aerial 
estimates from large birds being more common in the fall to small birds being more common in 
the spring, which is being driven by differences in Killdeer (Charadrius vociferus) and 
Greater/Lesser Yellowlegs (Tringa sp.), since 18 times more individuals of these species were 
observed during ground counts in the fall compared to the spring. These differences mirror the 
results of Skagen et al. 2008 where more shorebirds were observed in the spring than the fall in 
the mid-continental U.S., so it is possible these species are shifting their migratory pathways and 
migrating more westerly in the spring but coming back more easterly through the IRV in the fall.  
Shorebird conservation and management requires accurately assessing population 
estimates over large geographic ranges, which efficient aerial surveys can contribute to. There 
are differences in detection probability between ground and aerial surveys, with ground surveys 
tending to be more accurate than aerial surveys. However, researchers have the ability to survey 
large areas in a short amount of time when conducted aerially, and provide estimates that must 
be taken as approximations of what is present on the landscape since they are not exact counts 




For the IRV to continue to contribute to North American shorebird conservation, it is 
essential to expose mudflats whenever possible during spring and fall migrations. Our results 
show there is a core area around Havana, IL, that contributes a large portion of the abundance 
estimates, but there are other small sites scattered throughout the IRV that are important in terms 
of shorebird abundance as well (Figure 8). These results suggests that management does not need 
to focus on the largest areas, but should focus on having multiple small areas with 3 or more ha 
of wet mud available. The current flooding frequency in the spring minimizes the ability to 
expose mudflats during northward shorebird migration, but low river levels in the fall present an 
opportunity for managers to progressively draw water levels down and expose mud during 
southward migration. Long term conservation and management goals for shorebird conservation 
in the IRV should include the construction of sites and infrastructure that keep the river from 
flooding the entire site when the increase in river level is only a few feet above flood stage, and 
that give managers the ability to pump water out of sites to expose mudflats. This way there will 
be more sites that are capable of exposing mud during the flood-prone spring migration, and we 
could potentially see an increase in overall occupancy of shorebirds in the IRV in spring. There 
will always be unavoidable spring flooding that eliminates most of the shorebird habitat in years 
of a 5-year flood or more, but improved water resistance would be beneficial to provide mudflats 
in years without major floods. Future research should focus on social and historical factors 
driving shorebird site use, and the specific levee heights needed to keep moderately elevated 
river levels from flooding sites so managers can maintain control of internal water levels to have 





TABLES AND FIGURES 
 
Table 1. Habitat covariate descriptions estimated at 96 sites in the Illinois River Valley during 
aerial shorebird surveys in fall 2017–2019 and spring 2018–2019. 
Habitat Covariate Description 
Deep Water Area covered in water too deep for shorebirds to forage (>15cm) 
Shallow Water Area covered in water shallow enough for certain shorebird species to 
forage (<15cm) 
Wet Mud Mudflats with a damp, shiny surface that shorebirds are able to probe 
through 
Dry Mud Dried mudflats characterized by visible cracks in the surface 
Short Vegetation Vegetation <20cm (i.e. early growth of moist soil grasses/sedges) 






Table 2. Comparison of candidate models evaluating detection probability for shorebirds in the 
Illinois River Valley during fall 2017–2019 and spring 2018–2019. Initial occupancy (ψ) was 
modeled as a function of season in all models. Colonization (γ) and extinction (ε) were modeled 
as constant (.), and detection (ρ) was modeled as either constant, as a function of survey type 
(type), or as a function of area (ha) of tall vegetation present (tall_veg). Akaike’s Information 
Criterion (AIC) was used to rank models and relative weights (AICwt). The difference in AIC 
scores (ΔAIC), number of parameters (K), and model weights (AICwt) are also included. 
 
  
Model K AIC ΔAIC AICwt 
ψ(season)γ(.)ε(.)ρ(type) 9 2591.74 0.00 0.73 
ψ(season)γ(.)ε(.)ρ(type+tall_veg) 10 2593.71 1.98 0.27 
ψ(season)γ(.)ε(.)ρ(.) 8 2619.3 27.56 0.00 




         
Table 3. Pearson’s correlation test results on habitat covariates from shorebird aerial surveys in the 
Illinois River Valley in fall 2017–2019 and spring 2018–2019. Habitat covariates were estimated 
in terms of % cover of the entire site, and then converted into hectares after determining the total 
size of the size.  Wet mud and shallow water were highly correlated (0.67) and therefore not used 
in the same model.  












Deep Water 1.00 0.32 0.36 0.21 0.15 0.08 
 
Shallow Water 0.32 1.00 0.67 0.20 0.35 0.09 
 
Wet Mud 0.36 0.67 1.00 0.17 0.30 0.16 
 
Dry Mud 0.21 0.20 0.17 1.00 0.26 0.06 
 
Short Vegetation 0.15 0.35 0.30 0.26 1.00 0.24 
 





Table 4. Comparison of candidate models evaluating occupancy of shorebirds in the Illinois 
River Valley during fall 2017–2019 and spring 2018–2019. Initial occupancy (ψ) was modeled 
as a function of unique survey season (fall17, spring18, etc.), and a combination of the initial 
area (ha) of deep water (deep_1), shallow water (shallow_1), wet mud (wet_1), short vegetation 
(short_1), and tall vegetation (tall_1). All colonization (γ) and extinction (ε) parameters included 
a covariate for season (fall or spring; “season_fs”), and were modeled as constant, or as a 
combination of the change in area of each habitat variable between weeks. Detection (ρ) 
incorporated the top model from the previous model set and was modeled as a function of survey 
type (type). Akaike’s Information Criterion (AIC) was used to rank models and relative weights 
(AICwt). The difference in AIC scores (ΔAIC), number of parameters (K), and model weights 







Model K ΔAIC AICwt 
ψ(season+ wet_1)γ(Δwet+season_fs)ε(Δwet+season_fs)ρ(type) 14 0.00 1.00 
ψ(season+wet_1)γ(season_fs)ε(season_fs)ρ(type) 12 36.15 
0.00 
ψ(season+shallow_1)γ(Δshallow+season_fs)ε(Δshallow_season_fs)ρ(type) 14 41.29 
0.00 
ψ(season+shallow_1)γ(season_fs)ε(season_fs)ρ(type) 12 77.27 
0.00 
ψ(season+dry_1)γ(Δdry+season_fs)ε(Δdry+season_fs)ρ(type) 14 107.91 
0.00 
ψ(season+short_1)γ(Δshort+season_fs)ε(Δshort+season_fs)ρ(type) 14 127.19 
0.00 
ψ(season+short_1)γ(season_fs)ε(season_fs)ρ(type) 12 136.84 
0.00 
ψ(season+dry_1)γ(season_fs)ε(season_fs)ρ(type) 12 149.97 
0.00 
ψ(season)γ(season_fs)ε(season_fs)ρ(type) 11 179.44 
0.00 
ψ(season+river_stage)γ(season_fs)ε(season_fs)ρ(type) 11 181.21 
0.00 
ψ(season+tall_1)γ(season_fs)ε(season_fs)ρ(type) 12 208.89 
0.00 
ψ(season+deep_1)γ(Δdeep+season_fs)ε(Δdeep+season_fs)ρ(type) 14 262.59 
0.00 
ψ(season+tall_1)γ(Δtall+season_fs)ε(Δtall+season_fs)ρ(type) 14 381.05 
0.00 





Table 5. AIC ranking and model averaged results of generalized linear models investigating the 
effect of various habitat and site covariates on estimated shorebird abundance (Total_Birds) from 
aerial surveys in the Illinois River Valley in fall 2017–2019 and spring 2018–2019. A negative 
binomial distribution and log link was used in all models, and the effect of season (fall or spring) 





Model df AIC ΔAIC AICwt 
Total_Birds ~ Season + Wet Mud 5 16,366.98 0 1.00 
Total_Birds ~ Season + Shallow Water 5 16,408.77 41.79 0.00 
Total_Birds ~ Season + River Stage 5 16,431.53 64.55 0.00 
Total_Birds ~ Season + Short Vegetation 5 16,448.43 81.45 0.00 
Total_Birds ~ Season + River Stage 5 16,465.00 98.02 0.00 
Total_Birds ~ Season + Dry Mud 5 16,468.67 101.69 0.00 
Total_Birds ~ Season + Tall Vegetation 5 16,519.52 152.54 0.00 
Total_Birds ~ Season + Deep Water 5 16,527.22 160.24 0.00 
Total_Birds ~ Season + Site Size  5 16,534.47 167.49 0.00 




Table 6. The total number of sites with 3 or more hectares of wet mud during the first survey 
period from shorebird aerial surveys in the Illinois River Valley during fall 2017–2019 and 
spring 2018–2019.  
Season Sites with 3+ ha wet mud in 1st survey 
Fall 2017 42/57 
Spring 2018 25/96 
Fall 2018 49/96 
Spring 2019 2/96 
























Figure 1. Study area in the Illinois River Valley included 96 floodplain wetlands of the Illinois 

















Figure 2. Subset of the 22 species observed during ground counts during shorebird aerial surveys 
in the Illinois River Valley in fall 2017–2019. Values calculated by averaging the weekly 













Figure 3. Subset of the 17 species observed during ground counts during shorebird aerial surveys 
in the Illinois River Valley in spring 2018–2019. Values were calculated by averaging the 















Figure 4. Weekly estimated occupancy rates for the top occupancy model, with values of 1 
hectare of wet mud on initial occupancy, and a 1 hectare of wet mud between occasions. Data are 















Figure 5. Predicted initial occupancy for shorebirds based on the top model in AIC showing 
approximately 3 hectares of wet mud is needed for initial occupancy to be maximized in spring 
and fall. Aerial surveys were conducted for five weeks in fall 2017–2019 and spring 2018–2019 





















Figure 6. Average number of shorebirds estimated per week during aerial surveys in fall 2017–
2019 and spring 2018–2019 in the Illinois River Valley. Fall surveys (n = 16) began in the first 
week of August, and spring surveys (n = 10) began the last week of April in 2018 and the first 











































 Figure 7. Estimated total number of shorebirds each week during aerial surveys of the Illinois 
River Valley in fall 2017–2019 and spring 2018–2019. Fall surveys (n = 16) began in the first 
week of August, and spring surveys (n = 10) began the last week of April in 2018 and the first 























































Figure 8. Site size (ha) vs total shorebird abundance. No clear relationship supports that larger 
sites have a greater shorebird abundance, and small sites are able to support large numbers of 
birds (R2 = 0.2, p<0.001). Aerial surveys were conducted in fall 2017–2019 and spring 2018–




















Figure 9. Area of wet mud (ha) vs total shorebird abundance. No clear relationship supports that 
larger areas of wet mud lead to a linear increase in shorebird abundance, and small amounts of 
wet mud are able to support large numbers of birds (R2 = 0.04; p<0.001). Aerial surveys were 






Figure 10. Average river stage during August and May at the Havana, IL, gage from 1878–2019. 
Horizontal line represents flood stage (14ft).  Historic data were retrieved from the U.S. Army 




Figure 11. Average percent of wet mud at sites following the Havana, IL, river gage (n = 20) 
each week during varying river levels. Lower river levels lead to higher percentages of wet mud. 
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CHAPTER 3: GENERAL CONCLUSION 
The IRV continues to serve as an important stopover region for millions of migrating 
waterbirds annually. Throughout the five field seasons of this project, we have seen a wide 
variety of seasonal landscape changes and the associated response of shorebird abundance and 
distribution. The three field seasons in the fall had moderate river levels and provided mudflats 
for tens of thousands of shorebirds, while the two spring seasons were much more variable. 
Spring 2018 had a moderate river level that remained below flood stage, and provide a small 
amount of mudflats for a few thousand shorebirds, while spring 2019 had the highest average 
river level for the month of May on record. The shorebird response to the spring 2019 flooding 
was remarkable, with fewer than 100 birds being seen during an entire aerial survey of the IRV.  
In chapter 2, our results showed how seasonal and weekly occupancy rates changed in the 
IRV, along with the drastic impact that wet mud has on occupancy. If a site is able to 
appropriately be managed to expose even just 1 ha of mudflats, the shorebird response can be 
high. If that 1 ha can be turned into three or more hectares, our results show there will likely be 
shorebirds present. Our data show that thousands of shorebirds can be present at a site that only 
has a couple of hectares of wet mud available. This goes to show the massive benefits to 
shorebirds with only a few hectares of mud. However, there are times when the circumstances 
prevent even minor site-specific management actions being taken, such as extreme flooding. 
Site-specific management is an important aspect of shorebird conservation in the IRV 
moving forward. When the river level gets high enough that it overtops levees and remains at an 
elevated stage about the levee height, there is nothing that can be done and that site will remain 
flooded until the river level recedes. However, when the river level is below levee height, it is 




of our sites in the IRV are unique, with different connections to the river, varying levee heights, 
different pumping capabilities, and different management plans depending on ownership 
(public/private) and target species.   
Providing mudflat habitat in the IRV is the most important priority to maximize 
occupancy and abundance during migration and to help this region continue to be an important 
stopover area for shorebirds. Spring habitat availability has been and will continue to be subject 
to extreme flooding. Managing sites in the fall specifically for shorebirds seems unlikely and 
impractical in a region with such a high demand for growing food for waterfowl migration, but 
an adaptive management plan could be implemented in more locations, where progressive 
drawdowns through the end of July/beginning of August. This would allow mudflats to 
continuously be exposed starting from the perimeter of sites, while moist soil vegetation grows 
after prolonged exposure, and produces a seed head for waterfowl before the first frost occurs 
typically in October. Managing water levels to promote mudflat exposure in the fall, and ideally 
seeing a river level that does not reach flood stage in the spring can both be extremely important 




























Species considered “small” and “large” shorebirds during aerial surveys in the Illinois River 
Valley in fall 2017-2019 and spring 2018-2019.  
  
Small Shorebirds Large Shorebirds 
Baird's Sandpiper American Avocet 
Buff-breasted Sandpiper American Golden-Plover 
Dunlin American Woodcock 
Least Sandpiper Black-bellied Plover 
Pectoral Sandpiper Black-necked Stilt 
Piping Plover Dowitcher sp. 
Red-necked Phalarope Godwit sp. 
Ruddy Turnstone Greater Yellowlegs 
Sanderling Killdeer 
Semipalmated Plover Lesser Yellowlegs 
Semipalmated Sandpiper Red Knot 
Solitary Sandpiper Upland Sandpiper 
Spotted Sandpiper Willet 
Stilt Sandpiper Wilson’s Snipe 
Unknown Peep  
Western Sandpiper  
White-rumped Sandpiper 




APPENDIX B: DYNAMIC OCCUPANCY PARAMETER ESTIMATES 
 
  
Dynamic Occupancy (p 
estimated)      
Parameter ML Estimate SE z p(>|z|) 
Initial occupancy (Ψ1)     
Fall 2017  0.478 0.512 0.934 0.350 
Fall 2018 –1.075 0.626 –1.717 0.086 
Fall 2019 –0.415 0.684 –0.607 0.544 
Spring 2018 –1.469 0.613 –2.397 0.017 
Spring 2019 –3.058 0.668 –4.578 < 0.01 
Wet_Mud_1  2.392 0.776 3.081 < 0.01 
Colonization (γ)     
        Season_Fall  –3.44 0.490 –7.02 < 0.01 
Δwet_mud 1.14 0.286 3.97 < 0.01 
Season_Spring 1.02 0.524 1.94 0.052 
Extinction (ε)     
Season_Fall –2.308 0.132 –17.44 < 0.01 
        Δwet_mud –0.001 0.006 –0.13 0.896 
Season_Spring 0.384 0.226 1.70 0.09 
Detection (ρ)     
Type Aerial  1.61 0.092 17.46 < 0.01 
Type Ground 2.95 1.008 2.93 < 0.01 
 
Parameter estimates (maximum-likelihood estimates) and standard errors of the top model 
determined by AIC ranking in the dynamic occupancy framework for shorebirds in the Illinois 





APPENDIX C: ABUNDANCE PARAMETER ESTIMATES 
       
Coefficients Estimate SE z p(>|z|) 
Season Fall 4.30 0.08 53.06 < 0.001 
Season Spring –2.44 0.12 –20.18 < 0.001 
Wet Mud 0.037 0.002 19.50 < 0.001 
 
Parameter estimates and standard errors of the top model negative binomial generalized linear 
model on shorebird abundance in the Illinois River Valley during aerial surveys in fall 2017–






APPENDIX D: DETECTION PROBABILITY AND COUNT BIAS 
Imperfect detection of the total number of individuals in a system is an important 
component when estimating wildlife populations. Specifically, visibility bias and its two 
components of detection rate and count bias (Pollock and Kendall 1987) are essential to make 
refined population estimates. Detection rate is the probability of detecting an individual or group 
of individuals when there is one or more present, and count bias is incorrectly estimating the 
number of individuals present within the survey area (Pollock and Kendall 1987). Both detection 
rate and count bias can vary by observer, weather (e.g., cloud cover, wind), vegetation coverage 
and characteristics, or cryptic animals (Pollock and Kendall 1987). We used a combination of 
double observer ground counts and ground to aerial count comparisons to estimate detection 
probability and count bias of aerial shorebird survey estimates. Double observer ground counts 
followed the same methods as the ground to aerial count comparisons described in the methods, 
except it involved two people conducting a five-minute ground count of the same predetermined 
location. We assumed there were no false positives during ground or aerial surveys, and that no 
shorebirds entered or exited the survey area between ground and aerial surveys. Personnel used 
in double-observer counts ranged from full-time waterbird biologists with extensive surveying 
experience to volunteers with minimal to no previous ground survey experience.  Both counters 
used a 15x spotting scope and 10x42 binoculars while standing on opposite sides of the vehicle, 
and identified shorebirds to species when possible, or simply “large” or “small” (Appendix A) if 
unknown. No conversation about species composition or total number of birds observed was 
allowed before, during, or after the counts. This was done to prevent any adjustment biases 
developing if a trend of one observer consistently having higher counts that the other, since 




Double observer ground counts averaged 85% similar (SE ± 2%, n = 102). Percent 
similar was calculated by taking the lower of the two counts divided by the higher count. There 
were also seven occasions where neither of the two observers detected a bird at site. These 
double observer results were consistently reliable, which allowed us to confidently use the 
ground counts conducted simultaneously during aerial surveys to compare to aerial estimates 
without incorporating a correction factor. 
The aerial observer detected shorebirds given there were one or more present during a 
ground count at a site 111 out of 116 (96%), and did not detect any shorebirds when there were 
none present (no false positives) 8 out of 8 (100%) times. On average, these comparisons of 
aerial surveys to ground counts using the raw data were accurate when greater than 10 birds were 
counted on the ground (aerial = 91%, SE ± 7%, n = 92; Figure 12). There was no effect of habitat 
composition, temperature, cloud cover, or wind speed on visibility bias, with the null model 
ranking first in a negative binomial generalized linear model framework. Since the double 
observer ground count similarity was 85%, meaning the number of birds estimated on the ground 
may be slightly low, the aerial estimate of 91% may be slightly higher than the true value, but 
not substantially different to make a biological difference. One person conducted all of the aerial 
estimating during every season, so any visibility bias in the raw data is the same observer bias 
throughout the entire project.  
Using a double-observer technique helps estimate detection probability from the ground, 
but it also introduces an extra parameter with the associated count bias error. Observer 
experience can impact double-observer count similarity and lead to larger count differences in 
some cases, but this variability is important to incorporate since personnel availability is a factor 




ground comparison counts using uncorrected raw data allowed us to feel comfortable using these 
same data in both the dynamic occupancy modeling and abundance analyses. We acknowledge 
these raw counts have associated error with it, but it is a good representation of what is actually 
present in the IRV since there is not systematic error throughout the study design that would 




Count bias estimates of raw data during simultaneous aerial and ground counts. Aerial estimates 
average 91% of ground estimates (9% lower than ground, R² = 0.713) during shorebird aerial 























































Site size vs initial occupancy (as a proportion of number of times occupied in the 1st survey week 
/ five initial surveys). No clear relationship supports that larger sites have a higher change of 
being occupied in initial survey (R2 < 0.001, p = 0.2). Surveys were conducted in fall 2017–2019 




























Number of occurrences of wet mud hectares during initial shorebird aerial surveys in the Illinois 
River Valley. Frequency varies between spring and fall, with sites in the fall having wet mud 
available more frequently than the spring. A total of 1425 sites were surveyed in fall 2017–2019 
and 950 sites were surveyed in spring 2018–2019 (x axis limited to 50ha, but a few sites had > 






Season n % Water Large Small Total 
Fall 2017 25 8.4 6.4 0.8 7.2 
Spring 2018 21 9.5 1.75 4.25 3.25 
Fall 2018 25 7.4 7.2 0 7.2 
Spring 2019 45 16.6 2.4 1.1 3.6 
Fall 2019 27 11.4 7 0.2 7.2 
 
Average number of large and small shorebirds estimated during random grid surveys in 
agricultural areas outside of the study area during shorebird aerial surveys in the Illinois River 
Valley in fall 2017-2019 and spring 2018-2019. Each random survey was a 1-square mile 
quadrat that was randomly selected from previously determined low density stratum quadrats 
outside of the 96 survey sites in the Illinois River Valley from Gilbert 2018. Shallow water and 







Turnover Between Counts  % of counts (n = 197) 
> 6 (-) 15 
1 to 5 (-) 16 
0 21 
1 to 5 (+) 26 
>6 (+) 22 
 
Turnover rates of shorebirds during 5-minute ground counts in the Illinois River Valley. Ground 
counts of a designated site were conducted for 5-minutes, followed by a 5-minute break, and 
then the same site was counted again. Site turnover between counts either had a loss of birds (-), 
gain of birds (+) or no change (0). The number of times the turnover rate fell into each category 
is denoted as the % of the total number of counts (n =197). Average turnover was 4.9, with a 
maximum loss between counts of -92, and a maximum gain of +413 between counts. Turnover 
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